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1.0 INTRODUCTION 

On October 4, 1989, Naval Weapons Station Yorktown (WPNSTA Yorktown), Yorktown, Virginia 

was placed on the Comprehensive ,Environmental Response, Compensation, and Liability Act 

(CERCLA) National Priorities List (NPL) (54 Federal Register 4 10 15, 1989). The location of 

WPNSTA Yorktown is shown on Figure l- 1. The United States Environmental Protection Agency 

(USEPA) Region III, the Virginia Department of Environmental Quality (VADEQ), and the United 

States Department of the Navy (DON) then entered into a Federal Facilities Agreement (FFA) for 

.- __. . _. _ . ,. ,. WPNSTA Yorktown. The primary purpose of the FFA is to ensure that environmental impacts l’.y>.yz-. “,7--(. . . . 

associated with past and present activities at WPNSTA Yorktown are thoroughly investigated, and 

appropriate CERCLA response/Resource Conservation and Recovery Act (RCRA) corrective action 

alternatives are developed and implemented as necessary to protect public health and the 

environment (FFA, 1994). 

The Fiscal Year 1999-2000 Site Management Plan (SMP) for WPNSTA Yorktown, a primary 

document identified in the FFA, identifies sites requiring remedial investigation/feasibility study 

(RI/FS) activities and site screening areas (SSAs) requiring additional investigations. This report 

documents the FS conducted for Site 2 - Turkey Road Landfill, Site 8 - NEDED Explosives- 

Contaminated Wastewater Discharge Area, Site I8 - the Building 476 Discharge Area, and SSA 14 - 

the Building 537 Discharge to Felgates Creek at WPNSTA Yorktown. 

Baker Environmental, Inc. (Baker) has prepared this FS under Contract Task Order (CTO)-0363 

under the DON’S Atlantic Division Naval Facilities Engineering Command (LANTDIV) 

Comprehensive Long-Term Environmental Action Navy (CLEAN) program. The FS has been 

conducted in accordance with the requirements delineated in the National Oil and Hazardous 

Substances Pollution Contingency Plan (NCP) for remedial actions (40 Code of Federal Regulations 

[CFR] 300.430). These NCP regulations were promulgated under CERCLA, commonly referred to 

as Superfund, and amended by the Superfund Amendments and Reauthorization Act (SARA) signed 

into law on October 17, 1986. In addition, the USEPA’s document Guidance for Conducting 

Remedial Investigations and Feasibilitv Studies Under CERCLA (USEPA, 1988) was used as 

guidance in preparing this FS. 
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This FS has been based on data collected during the Round One RI conducted in 1992 

(Baker/Weston, 1993a) and the Round Two RI conducted in 1996 and 1997 (Baker, 1998). 

1.1 Purpose of the FS 

The purpose of the FS for Sites 2, 8, 18, and SSA 14 is to identify remedial action alternatives 

(RAAs) that are protective of human health and the environment, attain Federal and state 

requirements that are applicable or relevant and appropriate (i.e., ARARs), and are cost-effective. 

.” -._ ,.“, _ , zj...,. X-z--&i general, -the FS process under CERCLA serves to ensure that appropriate remedial -alternatives l,.“_..-_- 

are developed and evaluated, so that relevant information concerning the remedial action options can 

be presented and an appropriate remedy selected. 

The FS involves two major phases: 

a Development and screening of RAAs including identifying Chemicals of Concern 

(COCs) and Areas of Concern (AOCs) 

0 Detailed analysis of RAAs 

The first phase includes a review of the baseline risk assessment results contained in the Draft 

Remedial Investigation report (Baker, July 1988). From these results, remedial action objectives and 

final remediation goals (FRGs) are developed. Areas of concern and volumes of affected media are 

identified based on the location of contaminant detections which exceed the FRGs. ARARs are 

assembled as well as potential remedial action technologies and process options. Process options 

and remedial action tecnologies are combined to form RAAs for each site as part of phase one. 

Section 121(b)( 1) of CERCLA requires an assessment of permanent solutions and alternative 

treatment technologies or resource recovery technologies that, in whole or in part, will result in a 

permanent and significant decrease in the toxicity, mobility, or volume of the hazardous substance, 

pollutant, or contaminant. In addition, according to CERCLA, treatment alternatives should be 

developed ranging from an alternative that, to the degree possible, would eliminate the need for long- 

term management of alternatives, to alternatives which involve treatment that would reduce toxicity, 

mobility, or volume as their principal element. A containment option involving little or no treatment 

and a no-action alternative should also be developed. 
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The second phase consists of a detailed analysis of each RAA at each site with respect to the nine 

evaluation criteria. These criteria address statutory requirements and preferences of CERCLA with 

respect to RAAs. 

1.2 Orpanization of the FS 

This FS report is organized into eight sections. Section 1 .O serves as the introduction. Section 2.0 

contains background information for the sites and SSA, including the nature and extent of 

contamination. Section 3 .O presents the development of FRGs, and remedial action objectives. This 

section also includes the identification of ARARs. Section 4.0 presents the identification and 

preliminary screening of remedial action technologies and process options. Section 5.0 contains the 

development and preliminary screening of RAAs. Section 6.0 presents the criteria for the detailed 

analysis of RAAs. Section 7.0 presents an individual analysis and a comparative analysis of RAAs 

which is based on the set of evaluation criteria presented in Section 6.0. Section 8.0 concludes the 

FS with the references used for the entire report. Tables and figures are presented behind each 

appropriate section. 

The appendices contain risk calculations, information used for the development of the RLs, vendor 

information, and cost estimate spreadsheets. 

1-3 







2.0 SITE BACKGROUND 

This section presents background information pertaining to Sites 2, 8, and 18 and SSA 14. The 

information includes: site description and history; site features such as hydrology, hydrogeology, and 

land use; previous investigations; nature and extent of contamination; and baseline risk assessment 

@A) results. Additional details of the site features can be found in the Round Two Remedial 

Investigation Report, Sites 2.8, 18 and Site Screening Area 14, Naval Weapons Station Yorktown, 

Yorktown, Virginia (Baker, 1998). 

2.1 Site-Specific Information 

Site 2 lies in the center portion of WPNSTA Yorktown (also to be referred to as the Station) in a 

wetland area adjacent to the southern branch of Felgates Creek. Site 8 and SSA 14 lie in the north 

central portion of the Station along the eastern branch of Felgates Creek. Site 18 lies in the 

southeastern portion of the Station along a tributary leading to Lee Pond (Figure 2-l). Background 

information pertaining to each of the sites and the SSA are presented in the following subsections. 

In addition to a site description, the background information will include site history, surface water 

hydrology and drainage features, hydrogeology, and land use. 

2.1.1 Site 2 - Turkey Road Landfill Information 

2.1.1.1 Site Description and Historv of Site 2 

Site.2 is a 3.75-acre former landfill area located east of Turkey Road in a wetland area adjacent to 

the southern branch of Felgates Creek (Figure 2-2). Currently, Site 2 is an open field with some tree 

cover. Access to the site is from Turkey Road. The site is situated between the forked headwaters 

(tributaries) of the southern branch of Felgates Creek. Figure 2-3 presents a site plan of the site. 

Recently, a series of trees were planted throughout the former landfill area as part of the Chesapeake 

Bay Initiative. This tree-planting initiative is designed to protect the Chesapeake Bay by vegetating 

the banks of water courses in the watershed. 

Operations at the landfill reportedly began in the 1940s and ceased in 198 1. Wastes disposed in this 

former landfill reportedly included mercury and carbon-zinc batteries, tree stumps and limbs, 
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,,‘n’a, construction rubble, missile hardware (e.g., wings, fins and power packs), electrical devices, and 

unidentified drums and/or tanks. An estimated 240 tons ofwaste was disposed during the period of 

use. Hard waste material (mine casings) was primarily identified along the tributaries to the southern 

branch of Felgates Creek. A removal action was conducted at Site 2 in 1994 to remove surface and 

near surface wastes from the area. Surface debris and UXO material included MK29 Depth Bombs, 

MK12 Practice Depth Charges, M-41Al Frag Bombs, empty extender canisters, rockets and rocket 

launchers, MKZS mines, scrap metal and miscellaneous construction debris. The area was regraded 

and backfilled with an undisclosed amount of soil. 

2.1.1.2 Surface Water Hvdrologv and Drainage Features at Site 2 

Site 2 is situated on an elongated elevated plateau type feature. As shown on Figure 2-3, the eastern 

and western sides of the site are steep embankments that slope toward the tributaries. The northern 

portion of the site is a more gradual slope towards the marshy area and the tributaries. Elevations 

at the plateau portion of the site range from 12 to 17 feet mean sea level (msl). In the southern 

portion of the site, standing water in low lying areas accumulates after sustained periods of rain. 

Surface water runoff at the site is from the south (near the access road) to the north in a radial pattern 

away from the slightly higher middle area of the site toward the forked southern branch of Felgates 

Creek. 

2.1.1.3 Hydroaeoloay of Site 2 

The shallow subsurface portion of Site 2 is characterized by unconsolidated deposits of silty sand, 

silty clay, clayey silt, and marine shell fragments. This is generally consistent with the shallow 

hydrogeological framework described by Brockman (Brockman, et al., 1997). Collectively, these 

units form the shallow aquifer system. Unconsolidated deposits of medium-grained sand, clay, 

clayey silt, and silt with marine shell fragments encountered at all three sites identify the presence 

of the Cornwallis Cave confining unit and Cornwallis Cave aquifer. 

The existing monitoring wells at Site 2 were installed within the shallow Cornwallis Cave aquifer. 

Groundwater was encountered at approximately 6 to 10 feet below ground surface (bgs). 

,smvN, , \ 
Groundwater level measurements were obtained from the existing and newly-installed monitoring 

wells. Potentiometric surface contours depicting the groundwater flow patterns at Site 2 as measured 

2-2 



on March 20, 1998 are presented on Figure 2-4. As shown on the figure, the groundwater flow at 

Site 2 is in a radial pattern from 2GW0 1 towards the tributaries of the southern branch of Felgates 

Creek. 

Tidal studies were performed at Site 2. The studies were completed to determine if there was an 

interaction between the surface water adjacent to the sites and the groundwater beneath the site. The 

studies indicated that there is an interaction between the surface water and the groundwater as the 

tides fluctuate from high to low tide. 

2.1.1.4 Land Use of Site 2 

Site 2 is located within the restricted area of the Station and is located inside an area encumbered 

by the Explosive Safety Quantity Distance (ESQD) arc. Based on the current mission of the Station, 

this site area cannot be developed. 

2.1.2 Site 8 - NEDED Explosives-Contaminated Wastewater Discharge Area Information 

2.1.2.1 Site Description and Historv of Site 8 

Site 8 is a 150-foot drainage ditch located along the east branch of Felgates Creek, approximately 

1.5 miles from the confluence of the creek and the York River. Building 456 and its associated 

parking area are located to the east of the drainage ditch. SSA 14 is located south-southeast of the 

site. Figure 2-5 presents a map of the general area around Site 8. The proximity of SSA 14 to Site 

8 is shown on this figure. Figure 2-6 presents a site plan of Site 8. 

Site 8 received wastewater from the Naval Explosives Development Engineering Department 

(NEDED) complex (Building 456) from 1940 to 1975. The wastewater reportedly contained 

unspecified solvents, spent/neutralized acids, and nitramine compounds. In 1974, a carbon 

adsorption tower was installed adjacent to the drainage ditch (Figure 2-6) to treat the contaminated 

wastewater prior to being discharge into the drainage area. A National Pollutant Discharge 

Elimination System (NPDES) permit was granted by USEPA Region III to allow this discharge. In 
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1986, the effluent from the carbon adsorption tower was diverted to the sanitary sewer and ultimately 

to Hampton Roads Sanitation District (HRSD). Currently, the site has reverted to a natural 

drainage area. 

2.1.2.2 Surface Water Hydrolonv and Drainage Features at Site 8 

The topography of Site 8 is best described as a drainage basin (Figure 2-6). The drainage basin 

measures approximately 150 feet long. The drainage basin is approximately 10 feet wide at the top 

of the ditch (at the pipe outlet) and widens to over 80 feet as it approachesFelgates Creek. A small 

paved parking area for Building 456 is located immediately east of the drainage ditch. The drainage 

basin receives surface water runoff from the parking lot and the surrounding topography in addition 

to the storm water collection system that drains the area around Building 456. 

2.1.2.3 Hvdrogeologv of Site 8 

The existing monitoring wells at Site 8 were installed within the Yorktown-Eastover aquifer (upper 

and deeper portions of the aquifer). Groundwater level measurements were obtained from the 

existing and newly-installed monitoring wells. Potentiometric surface contours depicting the 

groundwater flow patterns at Site 8 as measured on March 20, 1998 are presented on Figure 2-7. 

The groundwater flow at Site 8 (Figure 2-7) is towards the west as it converges within the drainage 

basin and then flows toward the east branch of Felgates Creek. 

Tidal studies were performed at Site 8. The studies were completed to determine if there was an 

interaction between the surface water adjacent to the site and the groundwater beneath the site. The 

tidal study at Site 8 consisted of two staff gauges and one piezometer. The staff gauges were 

installed within the eastern end of the drainage basin (8SGOl) and in the western end of the drainage 

basin (8SG02) near the east branch of Felgates Creek. The piezometer (8PZO 1) was installed on the 

north bank of the western portion of the drainage basin approximately 33 feet from staff gauge 

8SG02. The results did not show a correlation between the tide oscillations and the groundwater 

fluctuations. 
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2.1.2.4 Land Use of Site 8 

The drainage basin at Site 8 is generally inaccessible because of its topographic relief. In addition, 

Site 8 is located within the restricted area of the Station and is located inside an area encumbered 

by the ESQD arc. Based on the current mission of the Station, this site area cannot be developed. 

Explosive research and development is currently conducted within Building 456, which is adjacent 

to Site 8. 

2.1.3 Site 18 - Building 476 Discharge Area Information 

2.1.3.1 Site Description and History of Site 18 

Site 18 is a 500-foot intermittent drainage ditch that located north of Building 476 (Figure 2-8). 

Building 476 is located along Old Williamsburg Road within an industrial area of the Station. The 

Site 18 drainage ditch discharges into a tributary to Lee Pond. Figure 2-8 presents a map of the 

general area around Site 8. Figure 2-9 presents a site plan of Site 18. 

Site 18 was in use as a discharge area for approximately 20 years from the 1940s to the 1960s. The 

discharge material reportedly contained battery acid waste (consisting of hydrochloric acid or 

calcium hydroxide and dissolved metals such as lead, cadmium, nickel, and antimony). An estimated 

100 to 200 pounds of metals may have been discharged. Battery acid waste no longer discharges 

from Building 476 into this drainage ditch. 

2.1.3.2 Surface Water Hvdrolow and Drainage Features at Site 18 

The general topography at Site 18 is typical of a drainage way. The highest elevation at the site 

(approximately 72 feet msl) is at the outlet of the 24-inch concrete pipe leading from Building 476. 

The site elevations slope to approximately 54 feet msl at the outlet of the drainage ditch to the 

tributary (Figure 2-9). 
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Surface water runoff is controlled by the drainage ditch that also receives storm water drainage from 

Building 476 and the surrounding area. The intermittent drainage ditch flows into a tributary that 

drains into a small pond near the camping and picnic area along Fig Tree Drive and eventually into 

Lee Pond. 

2.1.3.3 Hydrogeologv of Site 18 

The existing monitoring wells at Site 18 were installed within the upper portion of the Cornwallis 

Cave-aquifer. Groundwater was encountered at approximately 28 to 32 feet bgs. Potentiometric 

surface contours depicting the groundwater flow patterns at Site 18 as measured on March 20, 1998 

are presented on Figure 2- 10. The projected groundwater flow at the site is towards the northwest. 

2.1.3.4 Land Use of Site 18 

Site 18 is a wooded area. It is accessible to Station employees. An industrial area is located across 

the road that borders Site IS. 

2.1.4 SSA 14 - Building 537 Discharge to Felgates Creek Information 

2.1.4.1 Site Description and History of SSA 14 

SSA14 consists of a storm water discharge pipe leading from Building 537 and the associated 

discharge area. As shown on Figure 2-5, SSA 14 is located south-southeast of Site 8. Like Site 8, 

the drainage area at SSA 14 discharges into the east branch of Felgates Creek. The SSA 14 

discharge is upstream of the Site 8 discharge. SSA 14 occupies an area of approximately 0.4 acres 

(this includes the area of Building 537, the drainage area, and the marshy area leading to Felgates 

Creek). 

Figure 2-l 1 presents a site plan of SSA 14. The discharge pipe has not been identified during the 

most recent investigations; therefore, the location of the pipe as presented on Figure 2-l 1 is 

approximated. Above the discharge pipe is an one-lane asphalt road which circles around the side 

of the hill. This road provides access to several underground concrete bunkers that are set into the 

hillside. 
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Nitramine-contaminated wastewater generated from Building 537 was reportedly discharged at 

SSA 14. 

2.1.4.2 Surface Water Hydrology and Drainage Features at SSA 14 

The topography of SSA 14 is typical of a drainage area located along a hillside. The highest 

elevations (approximately 25 feet msl) are near Building 537. The SSA decreases in elevation as 

the drainage area nears the marshy area and Felgates Creek. Surface water runoff drains from the 

area above the hillside;which in turn drains through the SSA and then to Felgates Creek. 

2.1.4.3 Hydrogeoloay of SSA 14 

A groundwater flow map was not generated for SSA 14 because there is only one groundwater 

monitoring well at the SSA, but it is estimated that the flow would be toward the south towards 

Felgates Creek. 

2.1.4.4 Land Use of SSA 14 

SSA 14 is located within the restricted area of the Station and is located inside an area encumbered 

by the ESQD arc. Based on the current mission of the Station, this site area can not be developed. 

In addition, SSA 14 is located within an area where explosive research and development is currently 

conducted. The drainage area at SSA 14 is generally inaccessible because of the topographic relief. 

2.2 Previous Investipations 

Previous investigation reports generated in conjunction with the continuing development of the 

Department of Defense (DOD) Installation Restoration Program (IRP) for Sites 2,8, and 18, and SSA 

14 include the following: 

0 Initial Assessment Study (IAS) Report (C. C. Johnson & Associates, Inc. and 

CH2M Hill, 1984) 
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Confirmation Study Rounds One and Two Reports (Dames & Moore, 1986 and 

Dames & Moore, 1988) 

RI Interim Report (Versar, 199 1) 

Focused Biological Sampling and Preliminary Risk Evaluation Report 

(Baker/Weston, 1993 b) 

Final Closeout Report, Sites 2, 9, and SSA 4 - Mine Casing and Debris Removal 

Action (IT, 1995) 

Round One RI Report (Baker/Weston, 1993a) 

Habitat Evaluation Report (Baker, 1995a) 

Round Two RI Report (Baker, 1998) 

Summaries of these previous investigations are provided in the following subsections. 

Relative Risk Ranking System Data Collection Investigation Report - SSAs 9, 10, 

and 14 (Baker, 1995~) 

2.2.1 Initial Assessment Study 

The purpose of the IAS (C. C. Johnson & Associates, Inc. and CH2M Hill, 1984) was to identify and 

assess sites at WPNSTA Yorktown posing a potential threat to human health and/or the environment 

due to contamination from past operations. A total of 19 potentially contaminated sites were 

identified based on information from historical records, aerial photographs, field inspections, and 

personnel interviews. Each site was evaluated for the type of contamination, migration pathways, 

and pollutant receptors. The IAS concluded that 15 of the 19 sites, including Sites 2,8, and 18, were 

of sufficient potential threat to human health or the environment to warrant further investigations 

such as Confirmation Studies. 

2-8 



For Site 2, the IAS recommended the installation of monitoring wells and the collection of 

groundwater, surface water, and sediment samples. For Site 8, the IAS recommended the collection 

of soil, surface water, and sediment samples. For Site 18, the IAS recommended the collection of 

soil samples. 

2.2.2 Confirmation Study and RI Interim Report 

Two rounds of data were obtained during the Confirmation Study effort. The first round of 
-- sampling and analysis was documented in the “Confirmation Study Step IA (Verification), Round 

One” (Dames & Moore, 1986). The results of the second round of sampling and comparisons with 

appropriate regulatory standards were presented in the “Confirmation Study Step IA (Verification), 

Round Two” (Dames & Moore, 1988). 

During the Round One Confirmation Study at Site 2, four monitoring wells were installed and three 

surface water and sediment samples were collected. Inorganics were detected in groundwater, 

surface water, and sediment. Volatile organic compounds (VOCs) were detected in the surface 

water, although at levels below criteria, and in the sediment. During Round Two activities four 

groundwater samples and three surface water and sediment samples were collected. Results were 

consistent with the results of the Round One analyses. 

At Site 8, two soil samples and two surface water and sediment samples were collected during both 

the Round One and Round Two portions of the Confirmation Study. Inorganics and low levels of 

organics were detected in all media; many of the organics were laboratory contaminants and 

common pesticides. 

At Site 18, two surface water and two sediment samples were collected during the Round One 

Confirmation Study, and three surface water and four sediment and soil samples were collected 

during the Round Two Confirmation Study. Organics, all of which were laboratory contaminants, 

were detected in surface water, soil, and sediment. Inorganics were also detected in all media; silver 

was the only inorganic detected above criteria in surface water. 

The results of the Confirmatory Study field efforts were combined and summarized in the Draft RI 

Interim Report (Dames & Moore, 1989). This report was subsequently revised by Versar, Inc. 
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(Versar) in 1991 to incorporate comments from the former Technical Review Committee (TRC); 

now called a Restoration Advisory Board (RAB). The revised report is referred to as the RI Interim 

Report (Versar, 199 1). The RI Interim Report recommended that further RI activities be completed 

at 14 of the 15 sites, including Sites 2, 8, and 18. 

2.2.3 Focused Biological Sampling and Preliminary Risk Evaluation Report 

The Focused Biological Sampling and Preliminary Risk Evaluation Report (Baker/Weston, 1993b) 

summarized the results of a limited biological tissue, surface water, and sediment sampling effort 

conducted in October 1992. The primary objective of the sampling program was to evaluate the 

potential human health risk associated with consumption of fish and shellfish taken from select 

waters within WPNSTA Yorktown, including Lee Pond, Roosevelt Pond, Felgates Creek, and Indian 

Field Creek. 

Analytical results of the biota sampling indicated that contaminants from WPNSTA Yorktown have 

not bioaccumulated in significant quantities in the fish and shellfish of Lee Pond, Roosevelt Pond, 

Indian Field Creek, and Felgates Creek so as to pose a significant risk to the individuals who fish or 

harvest shellfish from those water bodies. The report noted that there was some uncertainty 

associated with the estimate of risk for fish and shellfish consumption because data were not 

available with which to assess potential human exposure to the explosives hexahydro- 1,3,5-trinitro- 

1,3,5-thiazine(RDX) andoctahydro-l,3,5,7-tetranitro-1,3,5,7-tetrazocine(HMX). Comprehensive 

human health and ecological risk assessment evaluations were recommended. 

2.2.4 Round One RI Report 

As recommended by the Confirmation Study (RI Interim Report), additional RI activities were 

conducted for several sites at WPNSTA Yorktown including Sites 2,8, and 18. The Round One RI 

was conducted in 1992. The results of the Round One RI (Baker/Weston, 1993a) indicated that 

further investigation was needed at all sites that were studied to better define the nature and extent 

of contamination associated with each site. Data indicate that surface soil, subsurface soil, 

groundwater, surface water, and sediment have been potentially impacted by past site activities. A 

summary of the Round One RI conducted for Sites 2, 8, and 18 is presented below by site. 
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2.2.4.1 Site 2 Round One RI Results 

The Round One RI at Site 2 consisted of groundwater, surface water, and sediment investigations. 

Figure 2-12 identifies the sampling locations. The results of the RI per media are summarized 

below. 

Groundwater SampIina Results 

One round of groundwater samples was collected from monitoring wells 2GWO1,2GW02,2GW03, 

and 2GW04 at Site 2. The samples were analyzed for VOCs, semivolatile organic compounds 

(SVOCs), pesticides/ polychlorinated biphenyls (PCBs), nitramines (explosives), and inorganics. 

Only SVOCs, at low concentrations, were detected in the groundwater samples. Nitrate 

concentrations ranged from nondetect to 470 micrograms per liter @g/L). No VOCs, explosives, 

pesticides, or PCBs were detected. The analytical results for organic compounds detected in 

groundwater at Site 2 are presented in Figure 2- 13. 

The inorganic analyses performed on the groundwater samples provided the following results: 

0 Unfiltered inorganic analysis of sample 2GW02-00 1 contained chromium (55 ug/L) 

and zinc (93.8 ug/L) concentrations above the state standards. The lead 

concentration (15.5 ug/L) exceeded the Federal action level. None of these 

compounds, however, were above the standards in the filtered inorganic sample for 

this monitoring well. 

0 Zinc exceeded the state standard in the unfiltered inorganic sample from monitoring 

well 2GW03, at a concentration of 67.1 ug/L; zinc was below standards in the 

filtered inorganic sample. 

0 The unfiltered inorganic sample 2GW04-001 contained concentrations of arsenic, 

chromium, and zinc above the state standard. Arsenic also was above the Federal 

standard, at a concentration of 11OJ ug/L. The “J ” qualifier indicates that the 

reported sample concentration value has been estimated. Lead concentrations 

exceeded the Federal action level. Arsenic was the only inorganic detected above 
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standards in the filtered inorganic sample, at 74.8 ug/L; this concentration exceeded 

both the Federal standard (50 u-g/L) and the state standard (50 pg/L). 

0 The unfiltered and filtered inorganic samples collected from monitoring wells 

2GW02,2GW03, and 2GW04 contained concentrations of several inorganics above 

Round One background levels. 

The groundwater analytical results obtained during the Round One RI activities were consistent with 

those obtained during previous investigations. 

Surface Water Sampling Results 

Seven surface water stations were sampled during the Round One RI sampling activities: 2SWOl 

through 2SWO7 (Figure 2-12). Figure 2- 14 presents the analytical results for the organic compounds 

detected in surface water at Site 2. As shown on the figure, only common laboratory contaminants 

(e.g., di-n-butylphthalate, acetone, and bis[2-ethylhexyl]phthalate {BEHP}) were detected in the 

surface water samples. Explosives, pesticides, and PCBs were not detected in any of the surface 

water samples. Previous studies had indicated the presence of VOCs and pesticides, which were not 

confirmed in these analyses. 

The inorganics analyses indicated the following: 

l The unfiltered copper concentrations in samples 2SW0 l-00 1 and 2SWO4-00 1 were 

above the state and Federal criteria. The filtered inorganic concentration of copper 

in sample 2SWO4-00 1 also was above these levels. 

0 The unfiltered nickel concentration in sample 2SWO2-00 1 was above the state and 

Federal criteria. The filtered inorganic concentrations in samples 2SWO3-001, 

2SWO6-001, and 2SWO7-001 were above the state and Federal salt water chronic 

levels. 
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Sediment Samplina Results 

A total of nine sediment stations were sampled at Site 2: 2SDOl through 2SD09. Figure 2- 15 

presents the analytical results for the organic compounds detected in the sediment samples at Site 

2. As shown on the figure, the majority of detections were common laboratory contaminants (e.g., 

toluene, 2-butanone, methylene chloride, and acetone). Pentachlorophenol was detected in one 

sample at a concentration of 3505 micrograms per kilogram @g/kg). The PCB Aroclor-1248 was 

detected in the sample collected from the 6- to 12-inch interval of sediment sampling station 2SD06 

(11 OJ ug/kg), but not in the 0- to 6-inch interval. The pesticide 4$-=DDE was detected in the sample 

collected from the 0- to 6-inch interval of sediment station 2SD08 (2.95 pg/kg). The concentrations 

of Aroclor-1248 and 4,4-DDE exceeded the National Oceanic and Atmospheric Administration 

(NOAA) effects range-low (ER-L) criteria. 

A few of the inorganic concentrations exceeded the levels found in the site-specific Round One 

background sediment samples, especially in the 6- to 12-inch interval. Silver concentrations 

exceeded the NOAA effects range-median (ER-M) and apparent effects threshold (AET) criteria in 

five sediment samples collected from Site 2. Higher levels of inorganics were detected in the 

sediment samples analyzed during previous investigations. 

Round One RI Conclusions for Site 2 

Based on the results of the Round One RI for Site 2, groundwater does not appear to be impacted 

by organics. Inorganic concentrations were elevated above background levels. Surface water does 

not appear to be impacted by organics. In addition, inorganics detected were typical of background 

concentrations. In sediment, pentachlorophenol, Aroclor-1248, and 4,4’-DDE were each detected 

once. A few inorganic analyte concentrations exceeded background levels and/or other criteria. 

Higher levels of inorganics were detected in the sediment samples analyzed during previous 

investigations. 

Based on the results of the Round One RI, a removal action to excavate and dispose of surticial 

waste and debris was recommended, followed by a risk evaluation. 
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2.2.4.2 Site 8 Round One RI 

The Round One RI at Site 8 consisted of surface soil, groundwater, surface water, and sediment 

investigations. Figure 2- 16 identifies the sampling locations. The following subsections present the 

analytical results for each medium sampled and the conclusions made for Site 8. 

Surface Soil Samplina Results 

Surface soil samples were collected-from sample locations 8SO3, 8SO4, and 8SO5. Figure 2-17 

presents the analytical results for the organic compounds detected in the surface soil samples 

collected at Site 8. VOCs, including vinyl chloride, 1,Zdichloroethane (1,2-DCA); 1,2- 

dichloroethene ( 1,2-DCE); 1,1,2-trichloroethane (1,1,2-TCA); toluene; and 2-butanone were detected 

in samples 8SO4- 101 and 8SO5-001 at concentrations less than 100 ug/kg. SVOCs, primarily 

polynuclear aromatic hydrocarbons (PAHs), were identified in the surface soil samples. Explosives 

(RDX and HMX) were detected in samples 8SO3-001 and 8SO4-10 1. Several pesticides were 

detected in sample 8SO4-10 1. No PCBs were detected in the surface soil samples. The 

concentrations of inorganics were comparable to those found in Round One site-specific background 

surface soil samples. 

Groundwater Samplina Results 

One groundwater sample was obtained at Site 8 using a HydropunchTM sampler at sample location 

8HPOl. Analysis of this sample provided the following results: 

0 VOCs, including acetone (5J ug/L), l,l-DCE (25 ug/L), chloroform (35 ug/L), 

l,l,l-TCA (45 fig/L), and trichloroethene (TCE; 15 pg/L) were present in 

groundwater. The concentration of TCE exceeded the Federal standard of 5 pg/L. 

0 Explosives (13 ug/L HMX and 64 ug/L RDX) also were detected in the 

groundwater. 

0 Nitrate was detected in the groundwater at a concentration of 1,000 p.g/L. 
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0 No SVOCs, pesticides, or PCBs were detected. 

In the unfiltered inorganic sample, the concentrations of chromium (163 ug/L) and zinc (2 16 ug/L) 

exceeded the state standard. Chromium levels also were above the Federal standard, and the lead 

action level was exceeded. The beryllium concentration (4.55 pg/L) was above the Federal standard 

of 4 ug/L. Several unfiltered inorganic concentrations were above the Round One site-specific 

background levels. All of the concentrations in the filtered inorganic sample were below the 

standards and site-specific background levels. 

Surface Water Samplina Results 

Three surface water samples were collected from Site 8: 8SWO1,8SWO3, and 8SWO4. No VOCs, 

SVOCs, pesticides, PCBs, or explosives were detected in any of the surface water samples. Copper 

concentrations in the unfiltered inorganic sample from SSWO 1 were above state and Federal criteria. 

The filtered inorganic concentrations were below these criteria. Lead and nickel exceeded the 

Federal salt water chronic level concentrations in the unfiltered inorganic sample 8SWO3; nickel also 

was above the state standard. The filtered inorganic lead concentration, however, was below this 

standard. Copper and nickel concentrations in the unfiltered inorganic sample collected from 

8SWO4 were above the state and Federal salt water chronic levels. The filtered inorganic 

concentrations were below these standards. Low concentrations of some VOCs and SVOCs had 

been previously detected in the surface water collected at Site 8; these results were not duplicated 

during the Round One sampling activities. The surface water inorganic concentrations were 

consistent with those found in Round One site-specific background samples. 

Sediment Sampling Results 

Sediment samples were collected from three locations: 8SD01, 8SD01, and 8SD04. Figure 2-18 

presents the analytical results for organic compounds detected in sediment at Site 8. The sediment 

samples did not contain explosives, pesticides, or PCBs. The only VOCs detected were acetone, 

methylene chloride, and carbon disulfide (common laboratory contaminants). 4-Methyl phenol was 

the only SVOC compound detected in any of the sediment samples. Inorganic concentrations were 

similar to those found in the Round One site-specific background sediments. Lead and zinc were 

detected at concentrations slightly above the NOAA low effects range criteria in sample 8SD03-001; 
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lead was also slightly aboveNOAA standards in sample 8SD04-002. Mercury exceeded the NOAA 

ER-M and Apparent Effects Threshold (AET) criteria in sample 8SD0 l-00 1. Previous investigations 

indicated the presence of other VOCs and SVOCs at low concentrations that were not detected in 

the Round One analyses. 

Round One RI Conclusions for Site 8 

Site 8 is a drainage ditch that received wastewater from the operation of Building 456. There is no 

--longer any--wastewater discharge to the ditch, which is inundated at high tide. The highest 

contaminant detections were the explosives HMX and RDX. These constituents were detected in 

two of three soil samples near the ditch at concentrations in the approximate range of 1,000 to 

3,000 ug/kg. Explosives were not detected in sediment or surface water samples. The surface soil 

also contained numerous SVOCs and some VOCs, most ofwhich were reported as estimated values, 

less than 200 ug/kg. The highest detected VOCs were DCE and TCE, collected at a soil sample 

location midway between Building 456 and Felgates Creek. Two soil samples were collected at that 

location (8SO4), and the higher contaminant levels of TCE (32 ug/L) were found in the deeper soil 

sample. 

VOCs and explosives were detected in the HydropunchTM groundwater sample. Detected VOCs 

included TCA (45 yg/L) and TCE (15 ug/L) and explosives HMX (13 ug/L) and RDX (64 ug/L). 

No VOC contaminants were detected in surface water samples. Volatile contaminants (primarily 

common laboratory contaminants) were found in sediments but acetone also was present in 

upgradient samples. 

Based on the Round One RI results, further soil sampling for explosives and VOCs was 

recommended to delineate the extent of contamination around 8SO3 and 8SO4. Installation of 

monitoring wells and collection of VOC, explosive, and inorganic samples to confirm the 

HydropunchTM results and delineate the extent of contamination were also recommended. 
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2.2.4.3 Site 18 Round One RI 

The Round One RI at Site 18 consisted of surface soil, groundwater, surface water, and sediment 

investigations. Figure 2- 19 identifies the sampling locations. The following subsections present the 

analytical results for each medium sampled and the conclusions made for Site 18. 

Soil Samplina Summarv 

~-- Six-soil samples were collected at Site 18: 18SO5 through 18SlO and analyzed for inorganics. 

Analysis of these samples indicated that copper, zinc, and arsenic concentrations exceeded Round 

One site-specific background levels in several samples. These results confirm those obtained from 

previous investigations. 

Groundwater Samplina Results 

One groundwater sample was collected from Site 18 (from 18HPO 1)and was analyzed for unfiltered 

and filtered inorganic and hardness. Cadmium, chromium, lead, mercury, and zinc were present in 

the unfiltered inorganic sample at concentrations exceeding the state standard. The levels of 

unfiltered cadmium (12.6 ug/L) also exceeded the Federal standard. The concentration of unfiltered 

lead exceeded the Federal action level, and unfiltered beryllium (7.55 ug/L) exceeded the Federal 

standard. The filtered inorganic analysis showed concentrations of these inorganics below the 

above-referenced standards. 

Surface Water Sampling Results 

Five surface water samples were collected at Site 18 at the following sampling locations: 18SWO1, 

18SWO2, 18SWO4,18SWO5, and 18SWO6 and analyzed for inorganics. The results show that there 

are no inorganic concentrations above the state or Federal criteria in the samples collected at 

downgradient station 18SWO2 and upgradient station 18SWO6. Copper and zinc concentrations 

were above the Federal salt water chronic levels in both the unfiltered and filtered inorganic samples 

collected from stations 18SWO 1, 18SWO4, and 18SWO5. 
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Sediment Samalinn Results 

Ten sediment samples were collected at Site 18 and analyzed for inorganics. Two sediment samples 

were collected from each of the following five sampling locations: 18SDO 1, 18SD02, 18SD04, 

18SD05 and 18SD06. Beryllium was the only. inorganic that was detected above site-specific 

background levels. The antimony concentrations in samples 18DSO l-002 and 18SD06-002 exceeded 

the NOAA ER-L range criteria. The inorganic concentrations in sediment were similar to those 

found in previous investigations. 

Round One RI Conclusions for Site I8 

Soil contains arsenic and zinc at concentrations above Round One site-specific background levels 

at four sample locations, lead at two locations, and copper at three locations. Sediment samples in 

the drainage ditch also exceeded site-specific background inorganic concentrations for beryllium at 

one location. Copper and zinc in surface water exceeded the state and Federal criteria, but not at the 

farthest downstream sampling point or in the branch northeast of Building 476. Groundwater 

samples showed that no filtered samples contained inorganic concentrations that exceeded state or 

Federal criteria. 

Based on the Round One RI results, it was recommended that a risk screening be conducted for Site 

18 to confirm that no further actions are necessary for the site. 

2.2.5 Habitat Evaluation Report 

This section summarizes the results of the Habitat Evaluation (Baker, 1995b) that was conducted for 

the aquatic and terrestrial habitats at Sites 2, 8, and 18. Sites 2 and 8 are located in the Felgates 

Creek watershed and Site 18 is located in the Lee Pond watershed. Although SSA 14 was not 

specifically included in the Habitat Evaluation, it is located immediately upstream of Site 8. 
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2.2.5.1 Site 2 Habitat Evaluation Results 

Four different habitats are present in the vicinity of Site 2. These include deciduous upland forest, 

an ecotone or transition zone along the edge of the disposal area, an open area on top of the disposal 

area, and wetlands along the tributaries to Felgates Creek. 

Upland forest is present along Turkey Road and on the higher ground to the east and west of the site. 

Between the open area at Site 2 and the wetland, an ecotone or transition zone is present. This 

ecotone area includes a variety of trees, shrubs, woody vines, and herbaceous plants, none of which 

is dominant. Young trees and saplings in the ecotone are mixed with shrubs. Herbaceous annuals 

and perennials are also common in the ecotone, particularly along the edges of the open area. 

. ,?,.. 

The middle of the Site 2 area is an open field, which is kept roughly mowed. There are no trees, 

shrubs, or vines growing in this open area, and grasses are clearly dominant. These grasses are 

mixed with few herbaceous annuals or perennials, probably because the area is regularly mowed. 

Slender bush clover, field thistle, and blue mistflower were identified in the grassy, open area. 

The wetland regime at Site 2 is somewhat complex. Wetlands are present along both tributaries to 

Felgates Creek that flank the disposal area and along Felgates Creek itself. These wetlands represent 

three different sub-habitats. The wetland to the south of the disposal area between Turkey Road and 

the rail line was formed when beavers dammed the eastern tributary of Felgates Creek. This wetland 

is classified as a palustrine, scrub shrub wetland. The wetland downstream of the palustrine scrub 

shrub wetland and the wetland to the west of the disposal area are both classified as palustrine 

forested wetlands. In these areas upland forest is present to the edges of the lower wetland areas, 

which can be delineated by topography and wetland vegetation. The wetlands along Felgates Creek 

are estuarine and consist primarily of tidal saltmarsh. 

Because of the varied habitats present at Site 2, avifauna observed at the site was abundant and 

diverse. Sixteen different species of birds were identified during the habitat evaluation, even though 

field work was conducted in the afternoon. Evidence of four mammal species was also observed 

during the habitat evaluation. 
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2.2.5.2 Site 8 Habitat Evaluation Results 

Two habitat types are present at Site 8, deciduous upland forest on the higher ground and mixed 

forest in the vicinity of the drainage way. Salt marsh, dominated by spartina, is also present beyond 

the drainageway in Felgates Creek. 

Trees are dominant in the upland forest, although no species is clearly dominant. A mixed forest is 

present along the drainage way. The mixed forest also has a variety of species in the understory. 

In addition, six different woody vines are present in the understory at Site 8. 

Although the drainageway is not officially classified as a wetland on the National Wetland Inventory 

(NWI) maps, wetland vegetation is present. The drainageway leads to an estuarine, intertidal, 

emergent wetland along Felgates Creek. 

Only four birds were observed at Site 8, perhaps because the habitat evaluation was conducted in 

the late afternoon or because most migrants had already passed through the area when the habitat 

evaluation was conducted. Signs of two mammals were also observed. No reptiles or amphibians 

were noted at Site 8 during the habitat evaluation. 

2.2.5.3 Site 18 Habitat Evaluation Results 

Currently, Site 18 is a drainageway that appears to be a natural stream in some areas and an 

excavated trench in others. From the amount of erosion present in portions of the drainageway, a 

good deal of water appears to flow through the area during storms. During September, when the 

habitat evaluation was conducted, water was present in the drainageway. 

Site 18 is surrounded by deciduous forest. The dominant species and makeup of the forest are 

dependent upon the topography. Upland species are present on the slopes and lowland species are 

present along the drainage ditch. Forbs found in the upland forest also occur in the lowland areas. 

In addition, wetland vegetation is present along the drainage way. 

Avifauna were not abundant at Site 18, perhaps because the habitat was evaluated in late afternoon 

when birds are not as active as they are in the morning and in the evening. No mammals were 
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observed at the site, nor was any mammal sign noted. One reptile was found at the site. Adult green 

frogs were also observed living in the drainage ditch. 

2.2.6 Final Closeout Report - Site 2 Removal Action 

A removal action was conducted at Site 2 from September through December 1994 (IT, 1995). The 

main objectives ofthe removal action were to removal all surface and shallowly buried wastes from 

the designated areas at Site 2 and to restore the site to pre-removal action conditions. Based on 

historical photographs, waste disposal appears to have been limited to the perimeter of the site. 

Wastes removed from Site 2 included large concrete masses, asphalt, high efficiency particulate air 

(HEPA) filter drums, scrap metal, empty drums, miscellaneous construction/demolition debris, 

batteries, and unexploded ordnance (UXO). All ordnance items were certified inert either by the 

UXO superintendent, were transferred to theNEDED laboratory on site and verified as inert, or were 

transferred off site by the Station explosive ordnance demolition (EOD) staff for final disposition. 

,,‘e-%,, 
Upon completion of the removal action, confirmatory soil sampling was completed at designated 

locations at Site 2. Forty samples (shown on Figure 2-20) were collected and the locations were 

field located through surveying. The confirmatory sampling was conducted to develop a database 

to be used for determining if further investigations or actions were needed at the site. Each sample 

was analyzed for the following parameters: 

0 Target Compound List (TCL) VOCs 

0 TCL SVOCs 

0 TCL pesticides/PCBs 

0 Nitramine compounds 

0 Target Analyte List (TAL) inorganics 

The samples were collected after the excavation activities were completed and prior to any 

backfilling. Each sample that was collected from within a waste removal area was obtained from 

the base of the excavated area, at a depth of 0 to 6 inches. In addition, a number of designated 

samples were located outside the designated limits of excavation. In these cases, the samples were 
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taken from a 0- to 6-inch depth. If any backfill was required in the sample locations, the samples 

were taken prior to placement of any backfill materials. 

As shown on Figure 2-20, VOCs were not detected in the confirmatory samples. SVOCs, 

predominantly PAHs, were detected in the majority of these samples. Low levels of a nitramine 

compound (4-amino-2,6-dinitrotoluene [DNT] at 0.76 pg/kg) were detected in one sample (02-SS- 

04). Aroclor-1254 was detected in five of the confirmation samples. Detected Aroclor-1254 

concentrations ranged from 5 10 ug/kg to 6,200 ng/kg. 

Inorganics were detected in all confirmatory surface soil samples. Analytical results indicated that 

there is no contaminant source or discernible pattern of inorganic contamination. The majority of 

inorganic analytical results fell within Station background levels. Figure 2-2 I presents the detected 

inorganic concentrations for aluminum, antimony, arsenic, cadmium, copper, iron, manganese, 

mercury, and thallium. 

2.2.7 Relative Risk Ranking for SSA 14 

A Relative Risk Ranking Data Collection Investigation was conducted at SSA 14 during late 

October 1995 (Baker, 1995c). The objective of this effort was to gather contaminant, pathway, and 

receptor information to be used in the DON’S Relative Risk Ranking System. Prior to this 

investigation, no samples had been collected at SSA 14. 

Surface soil, surface water, and sediment samples were collected at SSA 14. All samples were 

analyzed for nitramine compounds. Explosives were detected in one surface soil (RDX and HMX), 

one surface water sample (HMX, RDX, and amino-dinitrotoluene [amino-DNTs]), and in one 

sediment sample (HMX). 

Migration pathways and receptor factors were evaluation by media at SSA 14. Migration pathways 

were found to be evident (utilized pathways were clearly present) for groundwater, soils (human 

health), surface water (human health and ecological - freshwater), and sediment (human health and 

ecological - freshwater). Receptors for these media were identified as potentially being present at 

the site (potential receptor factor). Migration pathways were found to be confined (pathway is not 
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,-‘wh, possible under existing site conditions) for surface water (ecological - marsh) and sediment 

(ecological - marsh). Receptors were precluded from exposure to the site (limited receptor factor). 

2.2.8 Round Two RI 

A Round Two RI (Baker, 1998) was conducted at Sites 2,8, and 18 and SSA 14 to assess the nature 

and extent of contamination at the sites/SSA and to address any data gaps observed from the Round 

One RI. The Round Two RI field investigation for Sites 2, 8, and 18, and SSA 14 was conducted 

from August through September 1996and=from=~anuary through February 1997. 

A summary of the Round Two RI for Sites 2, 8, and 18, and SSA 14 is presented below. A more 

detailed discussion ofthe nature and extent of contamination at the sites and SSA with respect to the 

Round Two RI results will be presented in Section 2.6. 

2.2.8.1 Site 2 Round Two RI Results Summary 

The Round Two RI for Site 2 included the collection of subsurface soil, groundwater, surface water 

and sediment samples. No additional surface soil samples were collected since numerous surface 

soil samples were collected as part of the Removal Action. 

During the Round Two RI, ten soil borings were advanced at Site 2 at locations 2SBOl through 

2SB04, 2GW05, 2GW06, 2GW07, and 2SB08 through 2SBlO (Figure 2-22). Subsurface soil 

samples were collected from these soil borings/monitoring well borings. The samples were analyzed 

for TCL VOCs, TCL SVOCs, nitramine compounds, TCL pesticides/PCBs, TAL inorganics, total 

organic carbon (TOC), pH, and nitrate/nitrite. Select results of these analyses are shown on Figures 

2-23 and 2-24 for organics and inorganic% respectively. With respect to organics, PAHs were 

detected in eight samples from five sample locations, and the PCB, Aroclor-1254 was detected in 

one sample. 

Groundwater samples were collected from one existing monitoring well (2GWOl) and the three 

newly-installed monitoring wells (2GW05, 2GW06, and 2GW07). Note that existing monitoring 

wells 2GW02,2GW03 and 2GW04 could not be sampled during the Round Two RI; the monitoring 

wells had to be abandoned because they had been flooded. Groundwater samples were analyzed for 
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TCL organics (VOCs, SVOCs, pesticides/PCBs), n&amine compounds, TAL inorganics (total and 

dissolved), TOC, nitrate/nitrite, total dissolved solids (TDS), total suspended solids (TSS), bromide, 

chloride, orthophosphate, sulfate, and dissolved methane. Select results ofthese analyses are shown 

in Figure 2-25. With respect to organics, VOCs (1,2-DCE and vinyl chloride) were detected in one 

groundwater sample (2GW06-00 1). 

Nine surface water/sediment sampling stations and three additional sediment stations were identified 

to characterize the tributaries to Felgates Creek that border Site 2 (Figure 2-26). The sampling 

stations included 2SMDO~l-~thr~ 2SW!SDO9: The three additional sediment sampling stations 

included 2SD10,2SDll, and 2SD12. All surface water and sediment samples were analyzed for 

TCL organics, nitramine compounds, TAL inorganics, cyanide, TOC, nitrate/nitrite, grain size 

(sediment only), total Kjeldahl nitrogen (TKN), ammonia, and pH (sediment pH was measured in 

the laboratory). In addition, analyses for pH, temperature, dissolved oxygen (DO), salinity, and 

specific conductivity were performed on surface water samples in the field immediately following 

sample collection. No organic compounds were detected in the surface water samples. Select 

analytical results are shown in Figure 2-27 for the detected inorganics in the surface water samples. 

Figure 2-28 shows the analytical results for the detected organics and select inorganics. With respect 

to organics, PAHs were detected in five of the sediment samples. 

An aquatic ecological investigation was conducted at each of the nine surface water/sediment 

locations. These studies were used to assess potential ecological impacts to benthic 

macroinvertebrate and fish populations in Felgates Creek. 

2.2.8.2 Site 8 Round Two RI Results Summary 

Nine surface soil samples were collected at Site 8 from the 0- to- 6 inch bgs interval and analyzed 

for TCL VOCs, SVOCs, pesticides and PCBs, nitramine compounds, TAL inorganics, TOC, 

nitrate/nitrite, and pH. Selected samples were also analyzed for cation exchange capacity (CEC). 

The surface soil sampling locations correspond with each soil boring/monitoring well location: 

8GWO1, 8GW02, 8GW03, and SSB04 through SSB09. The surface soil samples were labeled 

8SBOl-00 through 8SB09-00. Surface soil sample locations are identified on Figure 2-29. Select 

analytical results (organic and inorganic) are shown in Figure 2-30. With respect to organics, PAHs 

were detected in two samples, PCBs detected in one sample and explosives detected in five samples. 
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Two subsurface soil samples were collected from each of the following soil borings: SSBOl, 

SSBOl A, SSB02, SSB03, and SSB09. One subsurface soil sample was collected from just above the 

water table and a second subsurface soil sample was collected from a mid-point in the soil boring. 

In situations where groundwater water was encountered at depths of less than seven feet bgs, this 

mid-point sample was omitted. In addition, one sample was collected within the aquifer material at 

SSBO 1. This sample (along with one collected above the water table) was analyzed for engineering 

parameters which included grain size (sieve/hydrometer), bulk density, and CEC to obtain 

information on the migration potential of contaminants at the site. All ofthe subsurface soil samples 

were analyzed for. TCL--VOCs;YY@OCs~~ and .-pesticides/PCBs, nitramine compounds, TAL 

inorganics, cyanide, TOC, nitrate/nitrite, CEC, bulk density, grain size, and pH. Select analytical 

results are shown on Figure 2-3 1. With respect to organics, explosives were detected in one sample. 

One round of groundwater samples was collected from the four newly-installed monitoring wells: 

SGWO 1, SGWO 1 A, SGW02, and SGW03. Groundwater samples were analyzed for TCL organics, 

TAL inorganics (total and dissolved), TOC, nitrate/nitrite, TDS, TSS, bromide, chloride, 

orthophosphate, sulfate, and dissolved methane. Select analytical results are shown on Figure 2-32. 

With respect to organics, VOCs including TCE and l,l-DCE and explosives including RDX and 

HMX were detected in all of the groundwater samples. 

Due to their proximity, Site 8 and SSA 14 surface water/sediment and aquatic ecological 

investigations were combined in the Round Two RI. Six surface water/sediment sampling stations 

were identified to characterize the East Branch of Felgates Creek in this area (Figure 2-33): 

SSW/SDOl,SSW/SD02,SSW/SD03,Al4SW/SDO1,A14SW/SD02,andA14SW/SD03. Allsurface 

water and sediment samples were analyzed for TCL organ& nitramine compounds, TAL 

inorganics, TOC, cyanide, nitrate/nitrite, grain size (sediment only), and pH (sediment pH shall be 

measured in the laboratory). In addition, analyses for pH, temperature, DO, salinity, and specific 

conductivity were performed on surface water samples in the field immediately following sample 

collection. No organic compounds were detected in the surface water or sediment samples. Select 

analytical results are shown on Figures 2-34 and 2-35 for surface water and sediment inorganics, 

respectively. 
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An aquatic ecological investigation was conducted at each of the six surface water/sediment 

locations. These studies were used to assess potential ecological impacts to benthic 

macroinvertebrates and fish populations in the East Branch of Felgates Creek. 

2.2.8.3 Site 18 Round Two RI Results Summarv 

Six surface soil samples were collected at Site IS. Three samples were collected from independent 

locations ( 1 SS 11,l SS 12, and 1 SS 13 and from each of the three soil boring locations) later converted 

w. c; ,w . _ &&o+nonitoringwells (1 SGWO 1,l SGW02, and 1 SGW03). All ofthese samples were collected from . -..-~ -aTcr 

the 0- to 6-inch bgs interval and were analyzed for TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, 

&r-amine compounds, TAL inorganics, TOC, nitrate/nitrite, and pH. Two of the samples were 

analyzed for CEC. The sampling locations are shown on Figure 2-36. The three surface soil 

samples were identified as 1 SSS 11, 1 SSS 12, and 1 SSS 13. This numbering scheme was developed 

to follow the Round One RI samples which ended with the designation 1 SSS 10. The three surface 

soil samples collected in the soil boring locations were identified as 1 SSBO l-00, 1 SSB02-00, and 

lSSB03-00. No organic compounds were detected in the surface soil samples. Select inorganic 

analytical results are shown on Figure 2-37. 

Three soil borings (lSGW01, lSGW02, and lSGW03) were advanced at Site 18 for collection of 

subsurface soil samples and installation of monitoring wells for groundwater sampling. Soil boring 

samples were analyzed for TCL organics, nitramine compounds, TAL inorganics, TOC, pH, and 

nitrate/nitrite. No organic compounds were detected in the subsurface soil samples. Select 

inorganic analytical results are shown on Figure 2-38. 

One round of groundwater samples was collected from the three newly-installed monitoring wells 

at Site 18. Groundwater samples were analyzed for TCL organics, TAL inorganics (total and 

dissolved), TOC, nitrate, nitrite, TDS, TSS, bromide, chloride, orthophosphorous, sulfate, and 

dissolved methane. No organic compounds were detected in the groundwater samples. Select 

inorganic analytical results are shown in Figure 2-39. 

Four surface water/sediment sampling stations were identified to characterize the area downstream 

of Site 18 as shown on Figure 2-40: lSSW/SD07 through lSSW/SDlO. All surface water and 

sediment samples were analyzed for TCL organics, nitramine compounds, TAL inorganics, TOC, 

2-26 



nitrate/nitrite, cyanide, grain size (sediment only), and pH. In addition, analyses for pH, 

temperature, DO, salinity, and specific conductivity were performed on surface water samples in the 

field immediately following sample collection. No organic compounds were detected in the surface 

water samples. Select inorganic analytical results are shown on Figure 2-41 for surface water. 

Figure 2-42 shows the detected analytical results for organics and select inorganics for sediment. 

With respect to organics, PAHs and Aroclor- 1254 were detected in sample 1 SSD07-0 1. 

2.2.8.4 SSA 14 Round Two RI Results Summarv 

Four surface soil samples were collected at the soil boring/monitoring well locations (A14GWO1, 

A14SB02, A14SB03, and Al4SB04) from the 0- to 6-inch bgs interval. These samples were 

analyzed for TCL VOCs and SVOCs, TCL pesticides/PCBs, nitramine compounds, TAL inorganics, 

TOC, pH, CEC, and nitrate/nitrite. The four sampling locations are shown on Figure 2-43. The four 

surface soil samples were labeled A14SBOl-00, A14SB02-00, A14SB03-00, and A14SS04-00. 

Select analytical results are shown on Figure 2-44. With respect to organics, PAHs were detected 

in two samples and an explosive (HMX) was detected in one sample. The detected HMX 

concentration was 1,700,OOO pg/kg. 

Four soil borings were advanced at the site and numbered A14SBOI through A14SB04. Three of 

the soil borings were located at the end of the discharge pipe on the stream bank of Felgates Creek 

to intercept contaminants that may have been discharged from the pipe. One soil boring was 

advanced upgradient of the discharge pipe (A14SBOl) and then converted to a shallow monitoring 

well (A14GWOl). Subsurface soil samples collected at SSA 14 were analyzed for TCL organics, 

nitramine compounds, TAL inorganics, TOC, and nitrate/nitrite. No organic compounds were 

detected in the soil samples. Select inorganic analytical results are shown on Figure 4-45. 

One groundwater sample was collected from the newly-installed monitoring well at SSA 14. The 

groundwater sample was analyzed for TCL organics and TAL inorganics (total and dissolved), TOC, 

nitrate/nitrite, TDS, TSS, bromide, chloride, orthophosphate, sulfate, and dissolved methane. Select 

analytical results are shown on Figure 2-46. With respect to organics, VOCs and explosives were 

detected in the groundwater sample. 
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“.=-%., 2.3 Nature and Extent of Contamination 

A summary of the nature and extent of contamination at Sites 2,8, and 

results of the Round Two RI is presented below. 

18 and SSA 14 based on the 

2.3.1 Nature and Extent of Contamination at Site 2 

With respect to organic compounds, PAHs, a PCB compound, and a nitramine compound were 

detected in surface soilat..~~..~base~.~j~~~~~v~l Action confirmatory soil samples). PAHs 

were detected in the majority of the 40 confirmatory samples around the perimeter of the landfill 

area. PCBs were detected in five samples and a nitramine in one sample. There was no discernible 

pattern to the surface soil detections, which probably reflects the random nature of disposal at Site 2. 

With respect to inorganic analytes detected in the confirmatory samples, arsenic, aluminum, 

antimony, cadmium, copper, iron, manganese, mercury, and thallium were detected in surface soil 

at Site 2. Iron and arsenic were most prevalent. Detections of inorganics in surface soil at Site 2 

may result from disposal of metallic debris. 

PAHs and a single detection of a PCB compound were noted in subsurface soil at Site 2. Detections 

occurred in a random pattern around the perimeter of the landfill. Because surface and subsurface 

soil samples were collected from different locations during different investigations, no comparisons 

can be made between surface and subsurface contamination. 

Two VOCs (1,2-DCE and vinyl chloride) were identified in a single groundwater sample from the 

toe of the former landfill area. Thallium was detected in a majority of the groundwater samples; it 

often occurred with manganese and iron. Arsenic, barium, and aluminum were also detected. 

Generally, filtered and unfiltered groundwater results were consistent. 

No organic compounds were detected in the Site 2 surface water samples. The only inorganic 

analytes detected included arsenic, beryllium, cadmium, and iron. 

/-. 

PAHs were detected in sediment at Site 2, primarily in a single location. This may reflect transport 

of PAH-contaminated soil from the former landfill area. Inorganics detected in the sediments were 

similar to those detected in surface soil, with one exception. Silver was noted in sediments from the 
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western tributary, but it is not related to Site 2; rather, it appears to originate upstream potentially 

from another SSA at the Station (i.e., SSA 10). 

2.3.2 Nature and Extent of Contamination at Site 8 

With respect to organic compounds, the surface soil at Site 8 was contaminated with PAHs, 

nitramines, and a single, relatively high detection of a PCB compound. The organic surface soil 

contamination was concentrated in the drainage way leading from Building 456 to Felgates Creek. 

Inorganic analytes werede&&ed ins~ur&ces&lat Site -8. Iron and arsenic were the most prevalent; 

aluminum was also widespread. Beryllium, chromium, manganese, and thallium were also detected. 

Explosives were detected in one subsurface soil sample. Inorganic detections were consistent with 

surface soil. Soil contamination appears to be confined to surface intervals at Site 8. 

VOCs and nitramines were detected in all live groundwater samples collected at Site 8. Thallium 

was the most prevalent inorganic detected. 

No organic compounds were detected in either the surface water or the sediment from the East 

Branch ofFelgates Creek. Iron and arsenic were detected in all surface water samples, and antimony 

was detected in a majority of the surface water samples. Aluminum, iron, arsenic, beryllium, and 

manganese were detected in all sediment samples. Chromium was noted in a majority of the 

sediment samples. Based upon these results, organic contaminants from Site 8 (and SSA 14) do not 

appear to be affecting Felgates Creek. 

2.3.3 Nature and Extent of Contamination at Site 18 

No organic contaminants were detected in the surface or subsurface soil, the groundwater, or the 

surface water at Site 18. Iron and arsenic occurred in the surface soil samples; iron, arsenic, 

aluminum, chromium, manganese, and vanadium were detected in the subsurface soil samples. No 

inorganic analytes were detected in the filtered groundwater samples. 

PAHs and a PCB compound were detected in a single sediment sample at Site 18. Since these 

compounds were not detected elsewhere on the site, they probably reflect the impact of the industrial 

area on sediments at Site 18. 
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Inorganic analytes detected in the sediments were similar to those detected in the surface soil, with 

the exception of thallium. Arsenic and iron were detected in all sediment samples; thallium was 

detected in the sediment samples collected from the deeper interval. 

2.3.4 Nature and Extent of Contamination at SSA 14 

PAHs and a single nitramine were found in the surface soil of the drainage way at SSA 14. 

However, no organic contamination was detected in the subsurface soil. Therefore, organic 

contamination?rppears to be confined to the surface. Iron and aluminum occurred in all surface soil 

samples; aluminum, arsenic, beryllium, iron, and thallium occurred in all of the subsurface soil 

samples. 

VOCs and nitramines were detected in groundwater from the single monitoring well installed at 

SSA 14. Inorganics detected in the groundwater included arsenic, manganese, and thallium. 

2.4 Baseline Risk Assessment Summary 

A baseline human health RA and an ecological RA were conducted for Sites 2,8, and 18, and SSA 

14 under the Round Two RI. The human health RA conclusions were based on an evaluation of 

potential carcinogenic and noncarcinogenic risks. Carcinogenic risks in terms of incremental 

lifetime cancer risks (ICRs) were compared to USEPA’s acceptable target risk range of 1 .OX~O-~” to 

1 .0x10-04. Noncarcinogenic risks in terms of hazard indices (HIS) were compared to USEPA’s 

acceptable value of 1 .O. 

With respect to ecological risks, the terrestrial environment was assessed on a screening of site soil 

concentrations against flora/fauna toxicity values. In addition, receptor models were calculated. 

The aquatic environment was assessed with a comparison to aquatic benchmark values (if available) 

and aquatic receptor modeling. 

The following subsections summarize the results of these RAs for each site. 
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/Mm. \ 2.4.1 Risk Assessment Summary for Site 2 

The only risk values in exceedence of USEPA acceptable target risk criteria for human health at 

Site 2 were estimated for future residents. Carcinogenic and noncarcinogenic risks estimated for the 

other potential receptors evaluated for the site were less than, or within the appropriate USEPA 

acceptable target risk criteria. 

Future young child residents were evaluated for exposures to surface soil contaminants of potential 

concern (CB%?s) at iSite 2 as well as exposures to shallow groundwater under a beneficial use 

scenario. The total Site 2 ICR estimated for this receptor group was within USEPA’s acceptable 

target ICR range; however, the total site HI (6.0) exceeded the target value of 1 .O due to ingestion 

of cadmium, iron, and Aroclor-1254 and dermal exposures to cadmium in surface soil. It should be 

noted that all hazard quotients (HQs) estimated for iron and Aroclor- 1254 are less than 1 .O; however, 

the individual HQs in both the ingestion and dermal contact scenario for cadmium were greater than 

1 .O. The total central tendency (CT) HI was also greater than unity (1.9); however, the CT scenario 

results demonstrated acceptable individual HI values for the ingestion and dermal contact with 

surface soil by future young children. 

Future adult residents were evaluated for exposures to surface soil COPCs at Site 2 as well as 

exposures to shallow groundwater under a beneficial use scenario. The total Site 2 ICR estimated 

for this receptor group was within USEPA’s acceptable target ICR range; however, the total site HI 

(1.6) exceeded the target value of 1 .O due to ingestion and dermal exposures to cadmium in surface 

soil. It should be noted that all individual HQs estimated for cadmium are less than unity. In 

addition, it should also be noted that an evaluation of the same scenarios under CT exposure 

assumptions yielded a total site HI of 0.47, which is an acceptable value since it is less than USEPA’s 

acceptable target value of 1 .O. 

The terrestrial ecological RA conducted at Site 2 included the evaluation of surface soil samples. 

Surface soil concentrations of benzo(a)pyrene, aluminum, antimony, cadmium, chromium, cobalt, 

copper, iron, mercury, silver, thallium, vanadium, and zinc present potential risks to surface soil 

flora and fauna. In addition, soil concentrations of fluoranthene, phenanthrene, pyrene, Aroclor- 

1254, aluminum, antimony, cadmium, chromium, cobalt, copper, iron, lead, mercury, thallium, and 

vanadium pose potential risks to the higher trophic level terrestrial receptors. Of the contaminants 
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,,r@% potentially posing a risk to the terrestrial environment, surface soil concentrations of 

benzo(a)pyrene, fluoranthene, phenanthrene, pyrene, Aroclor- 1254, antimony, cadmium, cobalt, 

copper, lead, mercury, silver, thallium, and zinc were detected above background surface soil 

concentrations. 

Surface water and sediment samples were assessed in the tidal freshwater aquatic ecological RA 

conducted in the Eastern Branch of Felgates Creek at Site 2. Surface water concentrations were not 

compared to surface water benchmark values because there were no benchmark values located for 

the tidal freshwater ecological contaminants of concern (ECOCs) identified. Based on-conservative l-..ll -. ,, *4 ,_ .; 

screening the following surface water contaminants were identified as potential risks to the aquatic 

environment: 2,4,6-trinitrotoluene (TNT), aluminum, copper, iron, manganese, and nickel. Ofthese 

contaminants, concentrations of TNT and copper were detected above the range of background 

concentrations for tidal freshwater streams. 

2.4.2 Risk Assessment Summary for Site 8 

At Site 8, the risk values in exceedence of USEPA acceptable risk criteria for human health were 

estimated for the current maintenance workers, future construction workers, and future residents. 

Carcinogenic and noncarcinogenic risks estimated for the other potential receptors evaluated for Site 

8 were less than, or within the appropriate USEPA target risk criteria. 

Current adult maintenance workers were evaluated for exposures to surface soil COPCs at SSA 14 

and surface water and sediment COPCs for Site 8 and SSA 14. The total SSA 14 ICR estimated for 

this receptor group was within USEPA’s acceptable target ICR range; however, the total site HI ( 1.9) 

exceeded the target value of 1 .O due to dermal exposures to HMX in the surface soil; ingestion and 

dermal exposures to antimony in surface water; and ingestion of iron in the sediment. However, 

since all HQs estimated for HMX, antimony, and iron were less than 1 .O, and HMX, antimony, and 

iron HQs are not additive since they target different organs, no real adverse health effects are 

expected for this receptor subsequent to exposure although the total site HI exceeds 1 .O. 

Future adult construction workers were evaluated for exposures to subsurface soil COPCs at Site 8. 

The total Site 8 ICR estimated for this receptor group was within USEPA’s acceptable target ICR 

range; however, the total site HI (1.3) exceeded the target value of 1 .O because of ingestion of iron 
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and arsenic in subsurface soil. However, since all HQs estimated for iron and arsenic are less than 

1.0, and iron and arsenic HQs are not additive since they target different organs, no real adverse 

health effects are expected for this receptor subsequent to exposure, although the total site HI 

exceeds 1 .O. 

Future young child residents were evaluated for exposures to surface soil COPCs at Site 8 as well 

as exposures to shallow groundwater under a beneficial use scenario. The total site ICR estimated 

for this receptor was within USEPA’s acceptable target risk range; however, the total site HI (5.1) 

.-exceeds USEPA’s acceptable target value of 1 .O. This exceedence was due primarily to surface soil 

accidental ingestion exposures of young children to iron and 4-amino-2,6-dinitrotoluene; dermal 

exposures to 4-amino-2,6-DNT in surface soil; and ingestion of amino-DNTs in the shallow 

groundwater. The individual HQ values for iron in the surface soil for the ingestion pathway and 

amino-DNTs in the shallow groundwater were greater than unity. It should be noted that an 

evaluation of the same scenarios under CT exposure assumptions yielded a total site HI of 3 .O, and 

the individual HQ value for amino-DNTs in the ingestion scenario for shallow groundwater was still 

greater than unity. 

Future adult residents were evaluated for exposures to surface soil COPCs at Site 8 as well as 

exposures to shallow groundwater under a beneficial use scenario. The total site ICR estimated for 

this receptor was within USEPA’s acceptable target risk range; however, the total site HI (1.3) 

exceeded the corresponding USEPA acceptable target risk criteria. This exceedence was due 

primarily to surface soil accidental ingestion exposures to iron and 4-amino-2,6-DNT and dermal 

exposures to 4-amino-2,6-DNT in surface soil. It should be noted that all individual HQs estimated 

for this receptor are less than unity. In addition, it should also be noted that an evaluation of the 

same scenarios under CT exposure assumptions yielded a total site HI of 0.84, which is an 

acceptable value since it is less than USEPA’s acceptable target value of 1 .O. 

Surface soil was assessed in the terrestrial ecological RA conducted at Site 8. Surface soil 

concentrations of RDX, aluminum, antimony, chromium, copper, iron, lead, mercury, thallium, 

vanadium, and zinc present potential risks to surface soil flora and fauna. Soil concentrations of 

Aroclor-1260, aluminum, antimony, chromium, copper, iron, lead, mercury, vanadium, and zinc pose 

potential risks to the higher trophic level terrestrial receptors. Of the contaminants posing a potential 
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risk at this site, concentrations of RDX, Aroclor- 1260, aluminum, chromium, copper, lead, mercury, 

thallium, and zinc were detected above the range of background concentrations. 

Surface water and sediment collected from the East Branch of Felgates Creek at Site WSSA 14 were 

evaluated in this ecological assessment. Surface water concentrations were not compared to surface 

water benchmark values because there were no benchmark values located for the tidal freshwater 

ECOCs identified. Based on conservative screening the following surface water contaminants were 

identified as potential risks to the aquatic environment: aluminum, iron, manganese, and nickel. 

Only concentrations of manganese were detected above the range of background&la1 freshwater 

surface water concentrations. 

2.4.3 Risk Assessment Summary for Site 18 

At Site 18, the only risk values in exceedence of USEPA acceptable target risk criteria for human 

health were estimated for the future construction workers. Carcinogenic and noncarcinogenic risks 

estimated for all other receptors were less than, or within the appropriate USEPA target risk criteria. 

Future adult construction workers were evaluated for exposures to subsurface soil COPCs at Site 18. 

The total Site 18 ICR estimated for this receptor group was within USEPA’s acceptable target ICR 

range; however, the total site HI (2.0) exceeded the target value of 1 .O because of ingestion of iron 

and arsenic in subsurface soil. However, since all HQs estimated for iron and arsenic are less than 

1.0, and iron and arsenic HQs are not additive since they target different organs, no real adverse 

health effects are expected for this receptor subsequent to exposure, although the total site HI 

exceeds 1 .O. 

Surface soil was assessed in the terrestrial ecological RA conducted at Site 18. Surface soil 

concentrations of aluminum, chromium, iron, mercury, and vanadium present potential risks to 

surface soil flora and fauna. Soil concentrations of aluminum, chromium, copper, iron, lead, 

mercury, and vanadium pose potential risks to the higher trophic level terrestrial receptors. Of the 

contaminants posing a potential risk to the terrestrial environment at Site 18, only one concentration 

of mercury was detected slightly above the range of background concentrations. 
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The aquatic environment at Site 18 was evaluated in this assessment. Surface water and sediment 

were assessed in the freshwater drainage way at Site 18. Surface water concentrations of aluminum, 

copper, and iron pose a potential risk to aquatic species inhabiting this drainage way. Surface water 

concentrations of aluminum and copper were detected above the range of background freshwater 

surface water concentrations. 

Sediment concentrations of pyrene, alpha-chlordane, gamma-chlordane, Aroclor- 1254, beryllium, 

and iron pose potential risks to benthic receptors at Site 18. Sediment concentrations of copper, iron, 

and lead demonstrated potential risks in the aquatic receptor models. Of the contaminants posing 

potential risks to the aquatic environment, sediment concentrations of pyrene, alpha-chlordane, 

gamma-chlordane, Aroclor- 1254, copper, and iron exceeded background concentrations. 

2.4.4 Risk Assessment Summary for SSA 14 

.“%a+“,, ,.“ 

At SSA 14, the only risk values in exceedence of USEPA acceptable target risk criteria for human 

health were estimated for the current maintenance workers, current and future recreational users and 

trespassers, and future residents. Carcinogenic and noncarcinogenic risks estimated for all other 

receptors were less than, or within the appropriate USEPA target risk criteria. 

Current adult maintenance workers were evaluated for exposures to surface soil COPCs at SSA14 

and surface water and sediment COPCs for Site 8 and SSA 14. The total SSA 14 ICR estimated for 

this receptor group was within USEPA’s acceptable target ICR range; however, the total site HI (1.9) 

exceeded the target value of 1 .O due to dermal exposures to HMX in the surface soil; ingestion and 

dermal exposures to antimony in surface water; and ingestion of iron in the sediment. However, 

since all HQs estimated for HMX, antimony, and iron were less than 1 .O, and HMX, antimony, and 

iron HQs are not additive since they target different organs, no real adverse health effects are 

expected for this receptor subsequent to exposure although the total site HI exceeds 1.0. 

Current recreational users and trespassers were evaluated for exposures to surface soil COPCs at 

SSA 14 and surface water and sediment COCPs at Site 8 and SSA 14. The total site ICRs estimated 

for the adult recreational users and trespassers and the adolescent recreational users and trespassers 

were within USEPA’s acceptable target ICR range; however, the total site I-II (1.1 for the adult and 
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1.6 for the adolescent) exceeded the target value of 1 .O due to dermal exposure to HMX in surface 

soil. It should be noted that the individual HQ for dermal contact with HMX in surface soil for the 

adolescent receptor was greater than unity; therefore, adverse health effects may be expected for this 

receptor subsequent to exposure. 

Future young child residents were evaluated for exposures to surface soil COPCs at SSA 14 as well 

as exposures to shallow groundwater under a beneficial use scenario. The total site ICR estimated 

for this receptor was within USEPA’s acceptable target risk range; however, the total site HI (17) 

exceeds USEPA’s acceptable target value of 1 .O. .~~~~eed~~~~~~~~.~rislnarily to surface soil 

accidental ingestion exposures of young children to iron and HMX and dermal exposures to HMX 

in surface soil. The individual HQ values for iron in the surface soil for the ingestion pathway and 

HMX in surface soil for the ingestion and dermal contact pathways were greater than unity. It 

should be noted that an evaluation of the same scenarios under CT exposure assumptions yielded 

a total site HI of 8.2, and the individual HQ value for HMX in the ingestion and dermal contact 

scenarios for surface soil was still greater than unity. 

Future adult residents were evaluated for exposures to surface soil COPCs at SSA 14 as well as 

exposures to shallow groundwater under a beneficial use scenario. The total site ICR estimated for 

this receptor was within USEPA’s acceptable target risk range; however, the total site HI (6.1) 

exceeds USEPA’s acceptable target value of 1.0. This exceedence was due primarily to dermal 

exposures to HMX in surface soil. The individual HQ value for HMX in surface soil for the dermal 

contact pathway was greater than unity. It should be noted that an evaluation of the same scenarios 

under CT exposure assumptions yielded a total site HI of 3.7, and the individual HQ value for HMX 

in the dermal contact scenario for surface soil was still greater than unity. 

Surface water and sediment collected from the East Branch of Felgates Creek at Site 8/SSA 14 were 

evaluated in this ecological assessment. Surface water concentrations were not compared to surface 

water benchmark values because there were no benchmark values located for the tidal freshwater 

ECOCs identified. Based on conservative screening the following surface water contaminants were 

identified as potential risks to the aquatic environment: aluminum, iron, manganese, and nickel. 

Only concentrations of manganese were detected above the range of background tidal freshwater 

surface water concentrations. 
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Sediment concentrations of BEHP, beryllium, and copper pose potential risks to benthic receptors 

within Felgates Creek. In addition, sediment concentrations of aluminum, copper, and iron 

demonstrated potential risks in the aquatic receptor models. Of the contaminants posing potential 

risks to the aquatic environment, sediment concentrations of BEHP, beryllium, and copper exceeded 

background concentrations. 
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SAMPLE NO. 
DATE SAMPLED 
EXPLOSIVES (uq/kq) 

WBO5-00 
Ol/l4/97 

1 AMINO DNT 3400 I 

1 
-. ------- I ARSENIC 5.9 J 1 

BERYLLIUM 0.41 
IRON 16700 I 

ARSENIC 13.8 J 
BERYLLIUM 0.72 I I 1 MANGANESE 

---- 
154J 1 \ \ 

/ 
\\ I, I z 

\ 

.1 , .~ . ._  - 1 . .  . - - -  

RDX 30000 
_ TOTAL INORGANICS (mdka) 

ALUMINUM 9220 
,I, I ARSENIC 5.9JI I / 

f 

SEMIVOLATILES (w/kg) 
BENZO(A)PYRENE 

l-7 
/ 

597 ,*’ I BERYLLIUM 
,“n*, 0.67 

24600 

ALUMINUM 11500 I I ‘\,, ‘I,,, \ \ I,, ‘\ i 1 THALLIUM 

I ARSENIC 5J I I ‘: ‘,, \ \ !:, ‘,\ 
I 1 IRON 11700 1 

ssw/soo 1 

\ 

BENZ0 A PYRENE 

II 
BENZ0 B FLUORANTHENE 
BENZ0 K FLUORANTHENE 
CARBAZOLE 
CHRYSENE 
DlBENZO(A,H)ANTHRACENE 
INDENOCI .2.3-CDIPYRENE 

470 J 
690 J 
230 J 
18OJ 
600 J 

75 J 
280 J 

\ 

LtCjtNLJ 
8GWol 

$ 
8SGOl 

- SHALLOW MONITORING WELL d - STAFF GAUGE 
awa i A 

$ - DEEP MONITORING WELL 8p2 - PIEZOMETER 

asGo1 - SOIL BORING 

ssw/sool 
@l - SURFACE WATER AND SEDIMENT SAMPLE LOCATION 

FIGURE Z-30 
SELECTED ORGANICS AND INORGANICS 

IN SURFACE SOIL 
SITE 8 

NAVAL WEAPONS STATION YORKTOWN 

EXPLOSiVii (ugjkq) 
3-NITROTOLUENE 1000 NJ 

\\ I 

SOURCE: LANTDIV, 199 1. I YORKTOWN, VIRGINIA 



SAMPLE NO. 
DATE SAMPLED 
TOTAL INORGANICS (mg/kq) 
ALUMINUM 
ARSENIC 
BERYLLIUM 
IRON 
THALLIUM 

SSBOlA-03 
01/l 4197 

9sop 
9.5 

0.8f 
23000 

0.93 

11.4 

IKUN 
THALLIUM 

30000 
0.96 K 

/ 

I IKUN 25300 

- --.- . ..-..-.....-- .*. 

3’ 3’ 

. . 
ALUMINUM 
ARSENIC 
BERYLLIUM 
CHROMIUM 
IRON 
THALLIUM 
VANADIUM 

4-AMINO- & 2-AMINO-DINITROTOLUENE 360 
TOTAL INORGANICS (mq/kq) 

8790 
7.5 

0.52 
19300 

\---.. 
\ \ \ \ \ \ 

Baker Envkonmentd,ks 

8GWOl 
LEGEND 

$ - SHALLOW MONITORING WELL 
8SGOl 

@ - STAFF GAUGE FIGURE 2-31 
8GWOlA 

$ - DEEP MONITORING WELL apio’ - PIEZOMETER 
SELECTED ORGANICS AND INORGANICS 

%O’ - SOIL BORING 
IN SUBSURFACE SOIL 

8SW SD01 
4 

SITE 8 
- SURFACE WATER AND SEDIMENT SAMPLE LOCATION 

SOURCE: LANTDIV, 199 1. 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 



-. - -. . . . --- 

VOLATILES (ug/L) 
“l,lJ,cl‘ 

TRICHLOROETHENE 
EXPLOSIVES c&L) 

8J 

4-AMINO- & 2-AMINO-DINITROTOLUENE 61 
--L RI-h! Al- 4-AMINO- 8c 2-AMINO-DINITROTOLUENE 

. .v,, 

DISSOLVED INORGANICS (ug/L) ^.^..... 
I BAKIUM 3.zfi I \ 
1 THALLIUM -;; K \ 

\\ I, I - 

, ,.’ 
,,A 

_:,’ 

\\ I, I - 

SAMPLE NO. 
DATE SAMPLED 

(ua /LI VOLATILES 
1,1-D 

8GW02-001 
01/29/97 

- 
tXrLU3lVt~ tug/L) 
4-AMINO- & 2-AM 

ICHLOROETiENE 12 
CHLOROFORM 5J _.,^. ^^.. ._^ I I. \ 

IINO-DINITROTOLUENE 200 

\\ I, -=L=zL. 

RDX 300 
2,4,6-TRINITROTOLUENE 170 
TOTAL INORGANICS (ug/L) 
THALLIUM 5.3 K 
DISSOLVED INORGANICS furi /I 1 
ARSENIC ?C L.” 

/ 

,/’ 
/ 

,/’ 
\\ I, 

-Y==zc- 

c/ 
597 

BARIUM 19.1 
THALLIUM 8.8 K RDX / 

TOTAL INORGANICS (ug/L) 
21 N 

ARSENIC / 
IRON I 
THALLIUM / 

335: 

DISSOLVED INkIRGANlCS (ug/L) 
6K 

BARIUM / 
THALLIUM : 

15.2 
4.6 K 

El 97A 
SAMPLE NO. 8GW02-001 D 
DATE SAMPLED 
VOLATILES (ug/L) 

01/29/97 

1,l -DICHLOROETHENE 11 
CHLOROFORM 5J 
EXPLOSIVES (us/L) 
4-AMINO- & 2-AMINO-DINITROTOLUENE 170 
RDX 300 
2,4,6-TRINITROTOLUENE 160 
TOTAL INORGANICS (ug/L) 
ARSENIC 4 

II 

8GWOl 
LEGEND 

$ - SHALLOW MONITORING WELL 
8SGOl 

a - STAFF GAUGE 

\\ I, I - I 
8GWOlA 

$ - DEEP MONITORING WELL 
8PZOl 

@ - PIEZOMETER 
8SBOl 

\ m+Dol 
- SOIL BORING’ 

- SURFACE WATER AND SEDIMENT SAMPLE LOCATION 

\\ I 

\ 
1 inch = 60 ft. 

Baker Environmental, hc 
/ 

FIGURE 2-32 
SELECT ORGANICS AND INORGANICS 

IN GROUNDWATER 
1 SITE 8 
’ NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

\t I 



0 

,-,o/- GROUND SURFACE 
CONTOUR (FT. MSL) 

STRUCTURE 

FIGURE 2-33 
ROUND -IWO RI SURFACE WATER/SEDIMENT/ 

BIOTA SAMPLE LOCATIONS 
SITE 0 AND SSA 14 



------I Baker Environmental, ko 

8GWol 
LEGEND 

$ 8SGOl 
- SHALLOW MONITORING WELL d - STAFF GAUGE 

FIGURE 2-34 
8GWOl A 

$ 8PZOl 
- DEEP MONITORING WELL 0 

SELECTED INORGANICS 

8s$01 

- PIEZOMETER 
IN SURFACE WATER 

- SOIL BORING 
8SW SD01 

Q 

SITE 8 AND SSA 14 
- SURFACE WATER AND SEDIMENT SAMPLE LOCATION NAVAL WEAPONS STATION YORKTOWN 

SOURCE: LANTDIV, 199 I. I YORKTOWN, VIRGINIA 



, 

SAMPLE ND. 8SDD3-02 
_ DATE SAMPLED 08/27/96 

,_ TOTAL INORGANICS (mdka) 
ALUMINUM 
ARSENIC ‘““9”: 
EmYLLlUM 1:3 

\“\ ’ \,, / ,,,, 

8EtiLLlUM 
. . 

1.2 
CHROMIUM 48.2 
IRON 36700 
MANGANESE 331 

ALUMINUM 
ANTlMONY 
ARSENIC 
BERYLLIUM 
CHROMIUM 
IRON 
MANGANESE 

ALUMINUM 
ARSENIC 
BERYLLIUM 
CHROMIUM 

8GWOl 
LEGEND‘ 

$ - SHALLOW MONITORING WELL 
8SGOI 

+ - STAFF GAUGE 
BGWOIA 

$ - DEEP MONITORING WELL 8pz’ - PIEZOMETER 

8sJo’ - SOIL BORING 
8sw/sDol 

itl - SURFACE WATER AND SEDIMENT SAMPLE LOCATION 

SOURCE: LANTDIV, 199 I. 

0 60 

1 inch = 120 ft. 
Baker Environmental, kr 

FIGURE 2-35 
SELECTED INORGANICS 

IN SEDIMENT 
SITE 8 AND SSA 14 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 



0 200 400 

1 inch = 400 ft. 

--- WPNSTA YORKTOWN 
BOUNDARY 

- - DRAINAGE 
1&?go9 SURFACE SOIL SAMPLE 

LOCATION 

- RAILROAD 

e FENCE 

,BGWO, SOIL BORING 

4+ G MONITORING ELL 
LOCATION 

STRUCTURE I 
.44$ROXIMATE 

BOUNDARY 

GROUND SURFACE 
80- CONTOUR (FT.. MSL) 

FIGURE 2-36 
ROUND TWO RI SOIL AND GROUNDWATER 

SAMPUNG LOCATlONS 
SITE 18 

IAVAL WEAPONS STATiON YORKTOWN YORKTOWN, ViRolMA 



DATE SAMPLED 01/15/97 
DEPTH 
TOTAL INORGANICS (mq/kq) 
ARSENIC 

1 inch = 300 ft. Baker Environmental kc 

18GWOl 
LEGEND 

e - SHALLOW MONITORING WELL (BAKER 1997) FIGURE 2-37 
18GWO.3 SELECTED INORGANICS IN + - DEEP MONITORING WELL (BAKER 1997) 
18SSll SURFACE SOIL 

- SURFACE SOIL SAMPLING LOCATION 
18SW SD07 

i 

SITE 18 
- SURFACE WATER AND SEDIMENT SAMPLE LOCATION 

NAVAL WEAPONS STATION YORKTOWN 
OURCE: LANTDIV, 1991. YORKTOWN, VIRGINIA 



500 

1 inch = 300 tt 
Baker Environment4 kc 

I 8GWOl 
LEGEND 

+ - SHALLOW MONITORING WELL (BAKER 1997) FIGURE 2-38 
8GWO3 SELECTED INORGANICS IN a - DEEP MONITORING wEu (BAKER 1997) 
18SS11 SUBSURFACE SOIL 

- SURFACE SOIL SAMPLING LOCATION 
SW’S,07 _ SITE 18 

SURFACE WATER AND SEDIMENT SAMPLE LOCATION 

NAVAL WEAPONS STATION YORKTOWN 
JRCE: LANTDIV, 1991. YORKTOWN, VIRGINIA 



TOTAL INORGANICS (us/L) ^-- 

DATE SAMPLED 
TOTAL INORGANICS lug/L) 

D1/31/97 _ 

ARSENIC 3.1 

e - SHALLOW MONITORING WELL (BAKER 1997) 
18GW03 

8 - DEEP MONITORING WELL (RAKER 1997) 
18SS11 

- SURFACE SOIL SAMPLING LOCATION 

- SURFACE WATER AND SEDIMENT SAMPLE LOCATION 

WRCE: LANTDIV, 199 1. 

FIGURE 2-39 
SELECTED INORGANICS 

IN GROUNDWATER 
SITE 18 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 



400 0 200 400 
I_- 

1 inch = 400 ft. 

es- gg;roAm;ORKTOWN 
lBSWbDD2 SURFACE WATER SEDIMENT - - DRAINAGE SAMPUNG f  LOCA ION 

- RAILROAD 
FM+3 

STREAM FLOW- MEASUREMENT STATION 

e FENCE GROUND SURFACE 

c=l STRUCTURE 
“‘- CONTOUR ( :FT., MSL) 

- BOUNDARY 
KRoX’MAE 

FIGURE 2-40 
ROUND TWO RI SURFACE WATER AND SEDIMENT 

SAMPLING LOCATIONS 
SITE18 

W/AL WEAPONS STATION YORKTOWN YolKrOwN, VlRolNlA 



300 
P 150 300 

a 
Baker Emhonmental, ho 

8GWOl LEGEND 
e - SHALLOW MONITORING WELL (BAKER 1997) FIGURE 2-41 

BGWO3 
+ - DEEP MONITORING WELL (BAKER 1997) SELECTED INORGANICS IN 

lass1 1 

i 

- SURFACE SOIL SAMPLING LOCATION SURFACE WATER 
SW SD07 SITE 18 

- SURFACE WATER AND SEDIMENT SAMPLE LOCATION 



300 p 150 300 
-m 

1 inch = 300 ft.. 
Baker Environmental kc. 

1 i3GWOl LEGEND 
e - sii~uow MONITORING WELL (BAKER 1997) FIGURE 2-42 

18GW03 SELECTED ORGANICS AND INORGANICS 8 - DEEP MONITORING WELL (BAKER 1997) 
18SSll IN SEDIMENT 

- SURFACE SOIL SAMPLING LOCATION 
BSW SD07 

i 
SITE 18 

- SURFACE WATER AND SEDIMENT SAMPLE LOCATION 

NAVAL WEAPONS STATION YORKTOWN 
WRCE: LANTDIV, 1991. YORKTOWN, VlRGlNlA 



100 0 50 100 
-- 

1 inch = 100 ft. 

me- WPNSTA YORKTOWN 
BOUNDARY SOIL BORING LOCATION 

- - DRAINAGE MONITORING WELL LOCATION 
AlA& MARSH GROUND SURFACE 

t=l STRUCTURE ‘lo- CONTOUR (FT., MSL) 

m BOUNOARY 
proximate 

FIGURE 2-43 
ROUND TWO RI SOIL BORING AND 

MONITORING WELL LOCATlONS 
SSA14 

!AVAL WAF’ONS STATION YORKTOWN YoRKT0~iwaf4A 



\-.---- 

9.1 

Baker EmMnmen 

LEGEND 
Al 4GWOl FIGURE 2-44 

8 - MONITORING WELL (BAKER 1997) 

A’ 4;eo2 
SELECTED ORGANICS AND INORGAN 

- SOIL BORING 
414SW SD01 

d 

IN SURFACE SOIL 
- SURFACE WATER AND SEDIMENT SAMPLE LOCATION SITE SSA- 14 

NAVAL WEAPONS STATION YORKTOWN 
OURCE: LANTDIV, 199 1. YORKTOWN, VIRGINIA 



I 
; ‘8 
i I I,,$ \\ ‘,: ‘1;. / \ 

u 59TA 

SAMPLE NO. 
/-v, 

Al 4SBOl-03 
OATE SAMPLED 
INORGANICS (mq/kq) 

01 /19/97 

ALUMINUM 9670 
ARSENIC 16.7 J 
BERYLLIUM 
IRON 1970: 
THALLIUM 0.81 K 

’ A-1 ALUMINUM 11000 

------ 
‘X. ‘-- ._-__ 

BERYLLIUM 
IRON 
THALLIUM 

0.99 
15800 

0.87 K 

‘- SAMPLE NO. Al 4SBOl-06 
DATE SAMPLED 
INORGANICS (mq/kq) 

01 /19/97 

‘- ._ /---- .-j 
-.---._. ALUMINUM 

Al 4Sk? A 14SBO4 ARSENIC 
BERYLLIUM 
IRON 
TUA, ! If III 

4670 
6.2 J 
0.3 

12600 
I I I lnLLl”l”l 0.82 K 

- --- ------.. 
----I 

LEGEND 
Al4GWOl 

9 
FIGURE 2-45 

- MONITORING WELL (BAKER 1997) 

A1 4e02 
SELECTED INORGAN 

- SOIL BORING 
A14SW SD01 

d 
IN SUBSURF ‘ACE SOIL 

. * 4 - SURFACE WATER AND SEDIMENT SAMPLE LOCATION SITE SSA- I 4 

Baker Environmental 

NAVAL WEAPONS STATION YORKTOWN 
;OURCE: LANTDIV, 1991. YORKTOWN, VIRGINIA 



MANGANESE 4.1 K 
THALLIUM 6.9 K I 

‘LED 01/29/97 
VOIATILES (L&L) 
1 ,l -DICHLOROETHENE 1300 
1 ,2-DICHLOROETHENE (TOTAL) 340 
1 .l .l -TRICHLOROETHANE 

\ 

s 

A14SB03 - 

1.. 
A 14%%- 

SN 4 

214GWOl 1 TklbHLOROETHENE - 4300 
EXPLOSIVES (I&L) 
AMINO DNT 0.43 
NITROBENZENE 0.44 

// 
_ RDX 9.9 NJ 

TOTAL METALS {us/L) 
Al 4SBO4 ARSENIC 3.3 ’ 

THALLIUM 6.7 K 
DISSOLVED METALS (us/L) \ 
MANGANESE 
THALLIUM 

Al 4GWOl FIGURE 2-46 
0 - MONITORING WELL (BAKER 1997) 

A14P2 
SELECTED ORGANICS AND INORGANICS 

- SOIL BORING 
A14SW SO01 

d 

I 

IN GROUNDWATER 
- SURFACE WATER AND SEDIMENT SAMPLE LOCATION SITE SSA- 14 

NAVAL WEAPONS STATION YORKTOWN 
;OURCE: IANTDIV. 199 1. YORKTOWN, VIRGINIA 



3.0 REMEDIATION GOALS AND REMEDIAL ACTION OBJECTIVES 

This section evaluates the results of the baseline RAs and determines whether it is necessary to 

remediate environmental media at Sites 2, 8, and 18 and SSA 14. If remediation is necessary, all 

pertinent Federal and Commonwealth of Virginia standards and criteria will be evaluated in a 

manner consistent with the results of the baseline RAs to ensure that the selected remedy is 

adequately protective of human health and the environment. If Federal and/or Commonwealth of 

Virginia standards and criteria are not available, or are not adequately protective because of 

multi-chemical mixtures or multiple exposure pathways,,:-G&based remediation -goals will be 

derived. These criteria and goals will be evaluated to determine contaminants of concern (COCs) 

and areas of concern (AOCs) for which RAAs can be developed. 

3.1 Media and Contaminants of Concern 

The following section identifies the media of concern and COCs for Sites 2,8, and 18, and SSA 14 

with respect to the results of the human health and ecological RAs developed in the RI. 

3.1.1 Media and Contaminants of Concern Determined by the Human Health Risk 

Assessment 

COPCs for human health were identified in the RI for each site and each media by comparing the 

concentrations of contaminants on site to Federal and state criteria. The COPCs are presented by 

media in Tables 3- 1 through 3-5 and were used in the human health RA for each site. The following 

paragraphs present summaries of the human health RA for each site. 

No unacceptable carcinogenic human health risks were identified for any media at Sites 2,8, and 18, 

or SSA 14. 

The human health RA determined that potential unacceptable noncarcinogenic human health risks 

were posed by ingestion and dermal contact with surface soil contaminated with cadmium at Site 2. 

At Site 8, unacceptable noncarcinogenic risks were also identified due to ingestion of surface soil 

contaminated with iron, and ingestion of groundwater contaminated with amino-DNTs. Ingestion 

3-l 



and dermal contact with surface soil contaminated with I-&IX and iron was determined to pose an 

unacceptable noncarcinogenic risk as SSA 14. 

No unacceptable human health risks were identified at Site 18 for any media. 

3.1.2 Media and Contaminants of Concern Determined by the Ecological Risk Assessment 

The ECOCs identified in the RI are presented in the following sections by area. Only contaminants 

detected over benchmark toxicity values or generating risk in the receptor modelsare discussed. 

3.1.2.1 Site 2 - Turkey Road Landfill 

Terrestrial Environment 

PAHs, Aroclor-1254, and inorganics were the primary ECOCs detected at Site 2 (Table 3-6). The 

following ECOCs detected in surface soil exceeded flora/fauna toxicity benchmark values or 

demonstrated risks in the terrestrial models: benzo(a)pyrene, fluoranthene, phenanthrene, pyrene, 

Aroclor- 1254, aluminum, antimony, cadmium, chromium, cobalt, copper, iron, lead, mercury, silver, 

thallium, vanadium, and zinc. Soil concentrations of aluminum, chromium, iron, lead, and 

vanadium were detected at concentrations similar to Station-wide background surface soil 

concentrations. Soil concentrations of benzo(a)pyrene, silver, and zinc exceed soil flora and fauna 

values, but did not produce unacceptable risks in the terrestrial uptake models. Antimony was 

detected in only one surface soil sample at a concentration that was not significantly greater than 

background concentrations. 

Based on this information, the surface soil at Site 2 is a medium of concern due to concentrations 

of fluoranthene, phenanthrene, pyrene, Aroclor- 1254. Inorganics including cadmium, cobalt, copper, 

mercury, and thallium were detected above Station-wide background concentrations at levels that 

produce unacceptable ecological risks. 

3-2 



Aauatic Environment 

As presented on Table 3-7, PAHs, TNT, and inorganics were the primary ECOCs detected in the 

aquatic habitat at Site 2. There are no benchmark values currently available to evaluate the 

estuarine surface water. Only concentrations of TNT were detected above off-Station background 

surface water concentrations. 

Benzo(g,h,i)perylene, indeno( 1,2,3-cd)pyrene, phenanthrene, aluminum, beryllium, iron, selenium, 

and silver were detected ~~~i~,i;~~~~~rk, values or demonstrated risks in the aquatic 

models. Sediment concentrations of aluminum, beryllium, copper, iron, manganese, and selenium 

were detected at concentrations below off-Station background sediment concentrations. Sediment 

concentrations of benzo(g,h,i)perylene, indeno( 1,2,3-cd)pyrene, phenanthrene, and selenium exceed 

sediment benchmark values, but did not produce unacceptable risks in the aquatic uptake models. 

Based on this evaluation, sediment is a medium of concern at Site 2 because to concentrations of 

silver exceed toxicity values and produce unacceptalbe receptor risks. 

3.1.2.2 Site 8 - NEDED Explosives- Contaminated Wastewater Discharge Area 

The aquatic environment at Site 8 was evaluated with the aquatic environment at SSA 14 due to the 

close proximity of these two areas. The aquatic evaluation is presented in Section 3.1.4. 

Terrestrial Environment 

Aroclor-1260, RDX, and inorganics were the primary ECOCs detected in the terrestrial habitat at 

Site 8 (Table 3-8). Aroclor-1260, RDX, aluminum, antimony, chromium, copper, iron, lead, 

mercury, thallium, vanadium, and zinc exceeded flora/fauna toxicity benchmark values or produced 

unacceptable risks in the terrestrial models. Soil concentrations of aluminum, antimony, iron, and 

vanadium were detected at concentrations similar to Station-wide background surface soil 

concentrations. Soil concentrations of RDX and thallium exceed soil flora and fauna values, but did 

not produce unacceptable risks in the terrestrial uptake models. 
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Surface soil at Site 8 is, therefore, a medium of concern because concentrations of Aroclor-1260, 

chromium, copper, lead, mercury, and zinc. 

3.1.2.3 Site 18 - Building 476 Discharge Area 

Terrestrial Environment 

Aluminum, chromium, copper, iron, lead, mercury, and vanadium exceeded soil flora/fauna toxicity 

benchmark values or demonstratedr&ks+n the-terrest&rl-models-(Table 3-9). Soil concentrations 

of the inorganic ECOCs were detected at concentrations similar to Station-wide background surface 

soil concentrations. As a result, the surface soil at Site 18 is not an ecological medium of concern. 

Aauatic Environment 

PAHs, pesticides, inorganics were the primary potential ECOCs detected in the aquatic habitat at 

Site 18. Aluminum, copper, and iron exceeded toxicity benchmark values (Table 3- 10). Of these 

inorganics, concentrations of aluminum and iron were detected at similar concentrations to Station 

background surface water concentrations. 

Surface water is, therefore, retained as a medium of concern at Site 18 because of concentrations of 

copper that exceeded background and produce unacceptable risks to aquatic receptors. 

Sediment concentrations of pyrene, alpha-chlordane, gamma-chlordane, Aroclor- 1254, beryllium, 

iron; and lead exceeded benchmark toxicity values or demonstrated risks in the aquatic models. 

Sediment concentrations of aluminum, beryllium, and lead were detected below Station background 

sediment concentrations. Of the ECOCs detected above background, concentrations of pyrene, 

alpha-chlordane, gamma-chlordane, and Aroclor- 1254 exceed benchmark toxicity values, but do not 

pose unacceptable risk in aquatic uptake models. 

Based on this evaluation, sediment at Site 18 is an ecological medium of concern because of 

concentrations of copper and iron detected above background that produce unacceptable risks to 

aquatic receptors. 
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3.1.2.4 SSA 14 - Building 537 Discharge to Felgates Creek 

The terrestrial summary presented below pertains to SSA 14 surface soil. The aquatic summary 

presented in Section 3.1.4.2 pertains to both Site 8 and SSA 14. 

Terrestrial Environment 

HMX and inorganics were the primary ECOCs detected in the terrestrial habitat at SSA 14 (Table 

3- 11). HMX, aluminum, antimony;barium, chromium, copper, iron, lead, mercury, silver, thallium, 

vanadium, and zinc exceeded soil flora/fauna toxicity benchmark values or demonstrated risks in the 

terrestrial models. Soil concentrations of aluminum, antimony, chromium, iron, lead, mercury, 

thallium, and zinc were detected at concentrations similar to Station-wide background surface soil 

concentrations. Concentrations of silver and thallium exceeded benchmark toxicity values, but did 

not pose unacceptable risks in terrestrial uptake models. 

Surface soil at SSA 14 is therefore retained as a medium of concern because of HMX, barium, 

copper, lead, mercury, and zinc detected above background that produce unacceptable risk to 

terrestrial receptors. 

Aquatic Environment 

Inorganics were the primary ECOCs detected in the aquatic habitat at Site S/SSA 14 (Table 3-12). 

There are currently no benchmark values available to evaluate the estuarine surface water. Surface 

water concentrations of inorganics detected in surface water are similar to Station background 

surface water concentrations. Therefore, surface water is not a medium of concern at Site S/SSA 

14. 

““” 

BEHP, aluminum, beryllium, copper, and iron were detected above sediment toxicity benchmark 

values or demonstrated risks in the aquatic models. Sediment concentrations of aluminum, 

beryllium, copper, iron, and nickel were similar to Station background. The four concentrations of 

BEHP detected in the sediment do not appear to be site related but are likely detected because of 

sampling or laboratory contamination. Therefore, the sediment at Site S/SSA 14 will not be 

addressed in this FS. 
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3.1.3 Summary of Media and Contaminants of Concern 

Based on the previous discussion, COPCs that were identified for human health risk are as follows: 

0 Site 2 - cadmium in surface soil 

l Site 8 - iron in surface soil 

- amino-DNTs in groundwater 

0 Site 18 - no COPCs identified 

0 SSA 14 - HMX and iron in surface soil 

The ECOCs that were identified based on ecological risk are as follows: 

0 Site 2 - fluoranthene, phenanthrene, pyrene, Aroclor- 1254, cadmium, cobalt, 

copper, mercury, thallium in surface soil 

- silver in sediment 

0 Site 8 - Aroclor-1260, chromium, copper, lead, mercury, zinc in surface soil 

0 Site 18 - copper in surface water 

- copper and iron in sediment 

0 SSA 14 - HMX, barium, copper, lead, mercury, zinc in surface soil 

These contaminants will now be considered COCs for further evaluation in this report. 

3.2 Definition and Identification of ARARs/TBCs 

An evaluation of ARARs is the first step in the identification of remediation goals. ARARs should 

be addressed consistently with the results of the baseline RA and should ensure that a selected 

remedy attains a degree of cleanup that assures the protection of human health and the environment. 

This section provides an explanation of Federal and state (Commonwealth of Virginia) criteria that 

apply to those media deemed to pose unacceptable human health risks or adverse ecological effects 

identified in the baseline RA. In addition to ARARs, other advisories, criteria, or guidance to-be- 

considered (TBC) will be evaluated. TBCs may also be useful in developing remedies for Sites 2, 

8, and 18, and SSA 14. ARARs and TBCs for Sites 2, 8, and 18, and SSA 14 will be defined and 

evaluated in the following subsections. 

3-6 



Under Section 121(d)( 1) of CERCLA, remedial actions must attain a degree of cleanup which 

assures protection of human health and the environment. Additionally, CERCLA remedial actions 

that leave any hazardous substances, pollutants, or contaminants on site must meet, upon completion 

of the remedial action, a level or standard of control that at least attains standards, requirements, 

limitations, or criteria that are “applicable or relevant and appropriate” under the circumstances of 

the release. These requirements are known as “ARARs.” ARARs are derived from both Federal and 

State laws. 

... --. .,--X2.1 Definition of ARARs and TBCs 

Definitions of ARARs, as well as TBCs, are given below: 

l Annlicable Reauirements are cleanup standards, standards of control, or other 

substantive environmental protection requirements, criteria, or limitations 

promulgated under Federal or state law that specifically address a hazardous 

substance, pollutant, or contaminant, remedial action, location, or other 

circumstance at a CERCLA site. 

0 Relevant and Annronriate Requirements are cleanup standards, standards of control, 

andother substantive environmental protection requirements, criteria, or limitations 

promulgated under Federal or state law that, while not “applicable” to a hazardous 

substance, pollutant, contaminant, remedial action, location, or other circumstance 

at a CERCLA site, address problems or situations sufftciently similar to those 

encountered at the CERCLA site that their use is well suited (appropriate) to the 

particular site. Requirements must be relevant and appropriate to be an ARAR of 

this type. 

0 TBCs are non-promulgated, non-enforceable guidelines or criteria that may be 

useful for establishing a cleanup level or for designing the remedial action, 

especially when no ARARs exist or they are not sufficiently protective. Examples 

of TBCs include USEPA Drinking Water Health Advisories and Secondary 

Maximum Contaminant Levels (SMCLs). 

3-7 



Section 121(d)(4) of CERCLA allows the selection of a remedial alternative that will not attain all 

ARARs if any of six conditions for a waiver of ARARs exist. These conditions include: 1) the 

remedial action is an interim measure whereby the final remedy will attain the ARAR upon 

completion; 2) compliance will result in greater risk to human health and the environment than other 

options; 3) compliance is technically impracticable; 4) an alternative remedial action will attain the 

equivalent of the ARAR, 5) for State requirements, the state has not consistently applied the 

requirement in similar circumstances; and 6) compliance with the ARAR will not provide a balance 

between protecting public health, welfare, and the environment at the facility with the availability 

of CERCLA-money for response at other facilities. 

Subsection 12 1 (d) of CERCLA also requires that remedies comply with Federal and state substantive 

requirements that qualify as ARARs. Federal, state, or local permits do not need to be obtained for 

removal or remedial actions implemented on site but their substantive requirement must be obtained. 

“On site” is interpreted by the USEPA to include the area1 extent of contamination and all suitable 

areas in reasonable proximity to the contamination necessary for implementation of the response 

action. 

There are three categories of ARARs: chemical-specific, location-specific, and action-specific. They 

are based on the manner in which they are applied. Many requirements are combinations of the 

different ARAR categories. An explanation of each of the ARAR categories follows. 

0 Chemical-Snecific ARARs: Health- or risk-based numerical values or 

methodologies that establish concentration or discharge limits for particular 

contaminants. Federal Maximum Contaminant Levels (MCLs) established under 

the Safe Drinking Water Act (SDWA) are examples of chemical-specific ARARs. 

0 Location-Specific ARARs: Restrictions based on the concentration of hazardous 

substances or the conduct of activities in specific locations. These may restrict or 

preclude certain remedial actions or may apply only to certain portions of a site. 

Examples of this type of ARAR include Federal and state siting laws for hazardous 

waste facilities and sites on the National Register of Historic Places. 
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0 Action-Specific ARARs: Refers to the requirements that set controls or restrictions 

on particular activities related to the management of hazardous substances, 

pollutants, or contaminants. RCRA regulations for closure of hazardous waste 

storage units, RCRA incineration standards, and pretreatment standards under the 

Clean Water Act (CWA) for discharges to publicly-owned treatment works 

(POTWs) are examples of action-specific ARARs. 

3.2.2 Identification of Potential AFURs and TBCs 

3.2.2.1 Chemical-Suecific ARARs 

There are no chemical-specific ARARs established for the surface soil and/or sediment 

COPCs/ECOCs for Sites 2, 8 and 18, or SSA 14. Potential TBCs for surface soil are the USEPA 

Region III risk-based concentrations (RBCs) for human health. Potential TBCs for sediment are the 

Sediment Screening Values (effects range - median), and USEPA Region III RBCs for human health. 

A potential TBC is the Toxic Substances Control Act which establishes action levels for PCBs in 

soils. 

ECOCs were identified for each media based on the chemical-specific screening levels. If a 

contaminant exceeded a screening level it was identified as an ECOC and then compared to a 

benchmark value (preferably No Adverse Effects Levels POAELs]) to identify potential risks to 

ecological receptors. 

Human health site-specific risk-based RGOs developed in Section 3.3 for each medium will be used 

for comparison criteria. Potential chemical-specific ARARs and TBCs are presented in Table 3- 13. 

Please note that the citations listed on Table 3- 13 should not be interpreted to indicate that the entire 

citation is an ARAR. The citation listing is provided on the table as a general reference. 

3.2.2.2 Location-Specific ARARs 

Potential location-specific ARARs identified for Sites 2, 8 and 18, and SSA 14 are listed on 

Table 3-14. An evaluation determining the applicability of these location-specific ARARs with 
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respect to these sites/SSA is also presented on the table. Based on this evaluation, specific sections 

of the following acts/standards are considered as ARARs/TBCs for Sites 2, 8 and 18, and SSA 14: 

0 National Historic Preservation Act 

0 National Archaeological and Historical Preservation Act 

0 Protection of Archaeological Resources 

l Groundwater Protection Strategy 

0 Executive Order 11990, Protection of Wetlands 

e Clean Water Act Section 404 

a Virginia Wetlands Regulations 

Please note that the citations listed on Table 3- 14 should not be interpreted to indicate that the entire 

citation is a potential ARAR. The citation listing is provided on the table as a general reference. 

3.2.2.3 Action-Soecific ARARs 

Action-specific ARARs are typically evaluated following the development of alternatives since they 

are dependent on the type of action being considered. Therefore, at this step in the FS process, 

potential action-specific ARARs have only been identified and not evaluated for Sites 2, 8 and 18, 

and SSA 14. A set of potential action-specific ARARs is listed on Table 3-15. These ARARs are 

based on RCRA, CWA, SDWA, and Department of Transportation (DOT) requirements. Note that 

the citations listed on Table 3- 15 should not be interpreted to indicate that the entire citation is an 

ARAR. The citation listing is provided on the table as a general reference. 

Action and location-specific ARARs will be evaluated after the RAAs have been identified for these 

sites/SSA. Additional action-specific ARARs may also be identified and evaluated at that time. 

3.3 Human Health Risk-Based Preliminarv Remediation Goals 

When ARARs or TBCs are not available for a chemical or an environmental medium, or ARARs and 

TBCs are not sufficiently protective of human health and the environment, risk-based remediation 

goals must be developed for media presenting unacceptable risks. The methodology used to derive 

the preliminary risk-based remediation goals (PRGs) for Sites 2,s and 8, and SSA 14 was obtained 
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from USEPA’s Risk Assessment Guidance for Superfund, Parts A and B (USEPA, 1989 and 

USEPA, 199 1). For noncarcinogenic effects, PRGs were calculated for significant human exposure 

pathways that target an HI of 1 .O. Contaminant concentrations in a given medium that are less than 

a corresponding PRG indicate that systemic health effects will not occur subsequent to exposure for 

even sensitive populations. For carcinogenic effects, risk-based PRGs were calculated for target ICR 

levels of 1 x 1@06 (one additional cancer occurrence in one million), and 1 .O x lo-O4 (one additional 

cancer occurrence in ten thousand) that would be expected to result from exposure to a potential 

carcinogen over a lifetime, from all significant exposure pathways for a given medium. 

Carcinogenic PRGs goals were derived by apportioning the target ICR value by the number of 

carcinogenic contaminants in a given medium (if necessary). Based on theNCP (40 CFR 300.430), 

acceptable exposure levels, for known or suspected carcinogens, are generally concentrations that 

represent an ICR between 1 .O x 1 O-O4 and 1 .O x 1 O-O’, with the latter representing USEPA’s point of 

departure. 

Three steps were involved in deriving the PRGs for Sites 2, 8 and 18, and SSA 14. These 

steps include a consideration of: (1) the environmental medium and potential for exposure, (2) the 

most significant exposure parameters, and (3) a consideration of potential human receptors and 

subsequent adverse effects associated with exposure. The equations included calculations of total 

potential intake from a given medium and were based on identified exposure pathways and 

associated parameters. 

The PRG calculations for human health are presented in Appendix A. PRGs were calculated for the 

following receptors and routes of exposure: 

Site Media 

Sites2and 8, SSA 14 surface soil 

Receptor 

future commercial/industrial worker 

future adult resident 

future child resident 

future adult trespasser 

future adolescent trespasser 
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Site 8 groundwater future adult resident 

future child resident 

No PRG calculations were made for Site 18 because no human health risk was identified at this site. 

Human health PRGs for each COPC for each medium of concern were selected from the USEPA 

Region III RBCs, or the carcinogenic or non-carcinogenic PRGs for the future commercial/industrial 

worker scenario for each site. This scenario is the most likely future use of Sites 2, 8 and 18 and 

SSA 14. The human health PRGs selected for each COPC and medium are presented in Tables 3- 16 

through 3-19. Specifically, Table 3-16 presents the PRGs for surface-Toi1 at Site 2; Table 3-17 

presents the PRGs for surface soil at Site 8; Table 3- 18 presents the PRGs for groundwater at Site 8; 

and Table 3- 19 presents the PRGs for surface soil at SSA 14. 

3.4 Ecolopical Preliminary Remediation Goals 

Ecological PRGs were selected for each ECOC for each media of concern from screening levels, 

established effects ranges, benchmark concentrations, or concentrations derived from receptor uptake 

models. The ecological PRGs selected are presented in Tables 3-20 through 3-26. The models upon 

which these goals are based are presented in Appendix A. 

3.5 Final Remediation Goals 

Final Remediation Goals (FRGs) were developed in four stages. In the first stage, human health and 

ecological PRG values were derived and compared against each other and remediation goal (RG) 

was’selected that will reasonably protect human health and the environment. The RGs are presented 

on Tables 3-27 through 3-30, for each site/SAA, respectively. Figures presenting the 

COPCs/ECOCs that exceed the RGs for each site are presented in Appendix B. 

In the second stage, the actual concentrations of the COPCs/ECOCs were compared against the 

background concentrations (as presented in Tables 3-16 through 3-26). Those contaminants whose 

maximum concentrations are below the background levels were not considered further in this FS. 

The COPCs/ECOCs eliminated from further discussion include: 
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Site 2 

Site 8 

Media COPUECOC Eliminated 

surface soil arsenic, aluminum, manganese 

surface soil 

groundwater 

arsenic, manganese 

dissolved arsenic, dissolved 

barium 

. Site 18 surface soil none 

SSA 14 surface soil aluminum, arsenic, barium*, 

chromium*, manganese 

* Maximum barium and chromium concentrations were above but very close to the 

background concentrations. Therefore, they were eliminated from further discussion in 

this FS. 

In the third stage, the RGs were compared against the actual contaminant concentration of the 

remaining COPCs/ECOCs for each site. Contaminants whose maximum concentrations are below 

the corresponding RGs are not considered further in this FS. The COPCs/ECOCs eliminated from 

further discussion are the following: 

$i& 

Site 2 

Media 

surface soil 

sediment 

surface water 

COPCYECOC Eliminated 

4-amino-2,6-DNT, antimony, 

cadmium, copper, iron, thallium 

none 

TNT 

Site 8 surface soil 

groundwater 

4-amino-2,6-DNT, aluminum, 

chromium, copper, iron, thallium 

chloroform, TCE, TNT, 

dissolved thallium 
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/-. Site 18 

SSA 14 

surface water none 

sediment none 

surface soil total carcinogenic PAHs, iron, 

thallium, vanadium 

In the fourth stage, the RGs of the remaining COPCs/ECOCs were compared against the 

anthropogenic background concentrations for WPNSTA Yorktown. Some contaminants had PRG 

values thatwere below%he-corresponding anthropogenic background level instead of the selected 

PRG. These include lead in surface soil at Site 8 and copper and lead in surface soil at SSA 14. 

Regarding PCBs, the FRGs for PCB contaminants (Aroclor-1254 and Aroclor-1260) are based on 

the Toxic Substances Control Act (TSCA) residential guideline (1 milligram per kilogram [mg/kg]) 

for surface soil instead of the human health based RGO (as presented in Appendix A). As discussed 

previously, human health PRGs were calculated for the future industrial worker. These levels are 

1.3 1 mg/kg for Site 2, and 0.99 mg/kg for Site 8. Ecological PRGs for PCBs are 0.2 1 mg/kg for Site 

2 and Site 8. USEPA guidance (USEPA, 1990a) includes action levels that can be considered in 

PCB contaminated site remediation. Action levels for protection of different receptors and land use 

scenarios are presented below: 

Land Use 

Residential 

Industrial 

Ecological 

PCB Action Level 

1 mg/kg 

10 - 25 mglkg 

1-2mg/kg 

The most likely future use of Sites 2 and 8 is limited recreational use. However, due to ecological 

concerns, an FRG for PCB contaminated soil of 1 mg/kg has been selected. This level will 

adequately protect both human health and the environment. 

This process of FRG development indicated that copper in surface water and iron in sediment at Site 

18 should be included in the final set of contaminants of concern (COCs). However, the surface 

water sample for which copper exceeded the FRG was a duplicate sample. No copper was detected 

in the original sample. Therefore, copper will not be considered a COC for Site 18 surface water. 
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The maximum concentration of iron in sediment at Site 18 is on the same order of magnitude as, and 

is not statistically greater than the FRG. Further, actual screening levels are not available for iron 

in sediment. Therefore, the ecological PRG which was selected for iron in sediment was based on 

an Apparent Effects Threshold (AET) which is associated with uncertainty. This value is only 700 

mg/kg lower than the freshwater stream background concentration which was ultimately selected as 

the FRG for these reasons, iron will not be considered a COC for Site 18 sediment. Based on the 

above discussion, there are no COCs for Site 18. 

The final lists of COCs for each site are presented in Tables 3-3 1 through.3.&Lwith the selected 

FRG, and the basis for its selection. The final COCs for each site are as follows: 

Media Final COC 

Site 2 surface soil 

surface water 

sediment 

carcinogenic PAHs, total PAHs, 

Aroclor- 1254, cobalt, mercury 

none 

silver 

Site 8 surface soil carcinogenic PAHs, Aroclor- 

1260, RDX, lead, mercury, zinc 

groundwater l,l-DCE, 4-amino-2,6-DNT, 

RDX 

Site 18 None None 

SSA 14 surface soil HMX, copper, lead, mercury, 

zinc 

Figures showing COCs that exceed the FRGs for each site are presented in Appendix C. 

3.6 Identification of Site Areas of Concern 

In this section of the FS, AOCs are delineated for Sites 2, 8, and 18 and SSA 14 for each medium 

of concern based on the FRGs that were developed for each site in the previous section. 

3-15 



3.6.1 Site 2 Areas of Concern 

Surface soil and sediment were media of concern at Site 2. The COC for sediment is related to 

activities at an upgradient source (SSA 10 - Building 28 X-Ray Facility Tank Drain Field). 

Therefore, this medium will be addressed through further study under the site screening process for 

SSA 10. 

Surface soil COCs for Site 2 are carcinogenic PAHs, total PAHs, Aroclor- 1254, cobalt, and mercury. 

- AOCs for the organic and inorganic contaminants are shown on Figures 3- 1 and 3-2. Much of the ?--- 

perimeter of Site 2 is located in woody or marshy areas, or located along steep banks of tributaries 

to Felgates Creek. 

The surface soil samples were collected from 0 to 6 inches from the perimeter of the landfill. 

Assuming the areas identified on Figures 3-l and 3-2 are contaminated one foot in depth, the 

combined volume of the Site 2 organic and inorganic AOCs is approximately 785 cubic yards. 

It should be noted that some sample locations in the inorganic and organic AOCs overlap. 

Therefore, some surface soil is contaminated with both inorganic and organic COCs. 

3.6.2 Site 8 Areas of Concern 

Surface soil and groundwater were identified as media of concern at Site 8. Groundwater COCs 

include 1,2-DCE, 4-amino-DNT, and RDX. The extent of groundwater contamination camlot be 

adequately determined based on the available data. Therefore, further study of the Site 8 

groundwater will be conducted and addressed in a separate FS. 

Surface soil COCs include carcinogenic PAHs, Aroclor- 1260, RDX, lead, mercury, and zinc. The 

surface soil AOC for organics and inorganics is shown on Figure 3-3. The surface soil samples were 

collected from 0 to 6 inches deep. The contaminated area in the drainage way at Site 8 is 

approximately 55 feet long by 15 feet wide (825 square feet). Assuming that one foot of soil would 

require remediation, 30 cubic yards of surface soil would require remediation. 
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n-w.. 3.6.3 Site 18 Areas of Concern 

Because there are no COCs identified for Site 18, there is no AOC at this site. 

3.6.4 SSA 14 Areas of Concern 

Surface soil was identified as the only medium of concern at SSA 14. The COCs include HMX, 

copper, lead, mercury, and zinc. The surface soil AOC for organics and inorganics is shown on 

Figure 3-4. The surface soilsan@es werecoketed from-0 to 6 inches deep. The area of concern 

is approximately 1,500 square feet. Assuming that one foot of soil would require remediation, 

approximately 70 cubic yards of contaminated soil will require remediation. 

3.7 Remedial Action Objectives 

The following remedial action objectives have been developed for each site: 

l Site 2: Mitigate direct contact by human and ecological receptors with surface soil 

contaminated with PAHs, Aroclor- 1254, cobalt, and mercury. 

0 Site 8: Mitigate direct contact by human and ecological receptors with surface soil 

contaminated with PAHs, Aroclor- 1260, RDX, lead, mercury, and zinc. 

0 Site 18: None 

0 SSA 14: Mitigate direct contact by human and ecological receptors with surface soil 

contaminated with HMX, copper, lead, mercury, and zinc. 
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Table 3-l 
Identification of Surface Soil Contaminants of Potential Concern 

Sites 2,8, and 18 and SSA 14 
Naval Weapons Station Yorktown 

Yorktown, Virginia 

Human Health 
Contaminant of 

Potential Concern 

Semivolatiles (mg/kg) 
Carbazole 

USEPL 
Region 1 
Resideni 

_ ., . 

i 
[II 
:iaI 

Site 2 Site 8 Site 18 SSA 14 

Crlterla 

32,000 X X X 
IBenzo(a)anthracene I 880 I- . . ..x -I--x- I r x I 

I 

Chrysene 88,000 X X X 
Benzo(b)fluoranthene 880 X X X 
Benzo(k)fluoranthene 8,800 X X X 
Benzo(a)pyrene 88 X X X 

I In 

Aluminum 7,800 X X X 
Antimony 3.1 X 
Arsenic (c/n) 0.4312.3 X X X X 
Barium 
Cadmium 

550 I X~ 
3.9 X 

IChromium 1 39 1 I x I I x 1 

Copper 
Iron 
Manganese 
Mercury 
Thallium 
Vanadium 

310 X 
2,300 X X X X 

180 X X X X 
2.3 X 
0.63 X X X 

. I 

I I I I I X I 

Notes: 

mg/kg = milligrams per kilogram 
pg/kg = micrograms per kilogram 
X = Exceeds USEPA Region III Residential Criteria 



Table 3-2 
Identification of Subsurface Soil Contaminants of Potential Concern 

Sites 2,8, and 18, and SSA 14 
Naval Weapons Station Yorktown 

Yorktown, Virginia 

Notes: 

mgikg = milligrams per kilogram 
pg/kg = micrograms per kilogram 
X = Exceeds USEPA Region III Residential Criteria 



I 

1 

1 
1 

1 
I 
1 
1 

1 
1 
1 
1 
I 

Table 3-3 
Identification of Shallow Groundwater Contaminants of Potential Concern 

Sites 2,8, and 18, and SSA 14 
Naval Weapons Station Yorktown 

Yorktown, Virginia 

ontammant 0 
Concern 

Notes: 

p&g = micrograms per kilogram 
MCL = Maximum Contaminant Level 
COC = Contaminant of Concern 
PMCL = Primary Maximum Contaminant Level 
X = Exceeds comparative criteria 



Table 3-4 
Identification of Surface Water Contaminants of Potential Concern 

Sites 2,8, and 18, and SSA 14 

Naval Weapons Station Yorktown 
Yorktown, Virginia 

ederal Criteria 

I I 
Human Health 

WQS Water 
WQI 

Contaminant ofPotential 
Concern 

and Organisms 
Organisms 

Only 
I 

. 
Cadmium 

I I I I _^ 
I I I 

I 
I 

I 
10 -- 1.8 16 I 170 I X I x I 

I I I I __ 

I 

t I I 

300 -- I 1.100 I 300 I -- l X X x I 

Manganese 

Notes: 

‘84 
I I I I 

I I I 
I __ 

50 100 50 -- I X I X X I 

pg/kg = micrograms per kilogram 

WQS = Water Quality Standard 
COC = Contaminant of Concern 
X = Exceeds comparative criteria 



Table 3-5 
Identification of Sediment Contaminants of Potential Concern 

Sites 2,8, and 18, and SSA 14 
Naval Weapons Station, Yorktown 

Yorktown, Virginia 

Contaminant of 

Notes: 

pg/kg = micrograms per kilogram 
mg/kg = milligrams per kilograms 
SSV = sediment screening valves 
ER-M = effects range-median 
COC = Contaminant of Concern 
X = Exceeds comparative criteria 
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TABLE 3-6 

SUMMARY OF TERRESTRIAL RISK AND ASSOCIATED 
ECOLOGICAL CONTAMINANTS OF CONCERN 

SITE 2 
NAVAL WEAPONS STATION, YORKTOWN 

YORKTOWN, VIRGINIA 

Ecological 
Contaminant of 

Concern 

No. of 
Positive Site Samples 

Maximum Detects/ Background Soil Detected Species with 
Concentration No. of Range”) Above Flora Max. Fauna Max. the Highest Modeled HQ 

(mg/kg) Samples (mg/kg) Background HQ HQ HQ”) Value 

I Inorganics 



TABLE 3-6 (Continued) 

SUMMARY OF TERRESTRIAL RISK AND ASSOCIATED 
ECOLOGICAL CONTAMINANTS OF CONCERN 

SITE 2 
NAVAL WEAPONS STATION, YORKTOWN 

YORKTOWN, VIRGINIA 

No. of - . . -. ^ . 

Ecological 
Contaminant of 

Concern 

Silver 

Thallium 

Positive Site Samples 
Maximum Detects/ Background Soil Detected 

Concentration No. of Range”) Above Flora Max. Fauna Max. ( ( Modeled HQ ( 
(mgikg) Samples (mgkg) Backnround 

12.5 l/44 lJ-2.1J 

26.8 II44 ND 

I- Val radium .4 I -64 - 

I ZillC I 504 44/44 1 3.2KJ-48.4 

Highlighted areas represent hazard quotients greater than one. 
(‘) Station-wide and anthropogenic background soil 
(2) Least conservative receptor models 

HQ 
NE 
NA 
ND 
NOAEL 
LOAEL 
J 
K 
L 

wki? 

Hazard Quotient (equivalent to benchmark divided by maximum concentration) 
Not Evaluated (lack of NOAEL or LOAEL) 
Not Applicable 
Not Detected 
No Observed Adverse Effect Level 
Lowest Observed Adverse Effect Level 
Analyte was positively identified, value is estimated 
Estimated value, biased high 
Estimated value, biased low 
milligrams per kilogram 



TABLE 3-7 

SUMMARY OF AQUATIC RISK AND ASSOCIATED 
ECOLOGICAL CONTAMINANTS OF CONCERN 

SITE 2 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Notes 

Highlighted areas represent hazard quotients greater than one. 
* Surface water hazard quotients were not calculated for the tidal freshwater ecological contaminants of concern due to a lack of benchmark values, 
(I) Off-station background stations located in Taskinas and Timberneck Creeks 
(2) Least conservative receptor models 



HQ 
NE 
NA 
ND 
NOAEL 
LOAEL 
J 
L 
K 
I@ 
m&g 

TABLE 3-7 (Continued) 

SUMMARY OF AQUATIC RISK AND ASSOCIATED 
ECOLOGICAL CONTAMINANTS OF CONCERN 

SITE 2 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Hazard Quotient (equivalent to benchmark divided by maximum concentration) 
Not Evaluated (lack of NOAEL or LOAEL) 
Not Applicable (not a contaminant of concern in this media) 
Not Detected 
No Observed Adverse Effect Level 
Lowest Observed Adverse Effect Level 
Analyte was positively identified, value is estimated 
Estimated value, biased low 
Estimated value, biased high 
micrograms per liter 
milligrams per kilogram 



TABLE 3-8 

SUMMARY OF TERRESTRIAL RISK AND ASSOCIATED 
ECOLOGICAL CONTAMINANTS OF CONCERN 

SITE 8 
NAVAL WEAPONS STATION, YORKTOWN 

YORKTOWN, VIRGINIA 

Ecological 
Contaminant of 

Concern 

No. of 
Positive Site Samples 

Maximum Detects/ Detected Fauna Species with 
Concentration No. of Background Soil Range(‘) Above Flora Max. Max. the Highest Modeled HQ 

(mg/kg) Samples (mgikg) Background HQ HQ HQ’2’ Value 

PCBs 

Aroclor- 1260 

Nitramines 

10 l/9 ND 1 0.25 

RDX 

Inorganics 

Aluminum 

30 l/9 

26,300 919 

ND 

1,960-24,100 

1 0.06 Shrew 0.26 

.L.....O............ ..i. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..i i...... .:.:.:.:,:.:.:,:,:.:,:.:.: :.:‘::.~:.:.;.;.;.:.~. 
1 

~~~~~ ~~~ 
.:.:.:.:.:.:.:.>:.~~ .*. : .:;:;:;:$$:;:$i :~~:::l:l:l:i:i:l:~:~,:. 
#:~:1:1:1:~:~::1:~:~:~:~1:1:~:~:~:~~:~~:~:~:~:~,~~~:~:~ 

Antimony 

Chromium 

Copper 

Iron 

Lead 

Mercury 

Thallium 

Vanadium 

2.6L 619 2L-11L 0 

61.5 919 2.6-33.5 1 

68.4 9f9 1.25-24.4 4 

31,700 919 1,440-46,400 0 

129 919 2.1-43.1 4 ~~~~~~~~~~~~~~ ( . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,+. . . . ..i...... . . . . . ..i.. . . ::::::::::::~.::::::::::::~~~:~~~~:::::::~~ . . . ...\\\ ...:.::. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..r. . . . . . . . . . . . . . .A.. .i I.. . . . . . . . . . . . . . . . . . . . . . . . 
0.91 519 0.05J 5 

1.2K 219 ND 2 

44.8 919 5.25-64.7 0 
:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:. :.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.~~~~~~~~~:.~:.: : : : : : : : : : : . . . . . . . . . . . . . . . . . . . . . . ..(...... t”.“..............t.........‘.‘.~~~~ ~~ ~~ 

..; ..,.....::,......... f&&M . . . . . . . . . . . . . . . . . . . . . .(.,.,.....,.,.,.,.....,........... ~..;.f..~:.:,:.:.:.:.:.:.:.:.:.:. I Zinc I 249 I 919 I 3.2KJ-48.4 1 6 
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TABLE 3-8 (Continued) 

SUMMARY OF TERRESTRIAL RISK AND ASSOCIATED 
ECOLOGICAL CONTAMINANTS OF CONCERN 

SITE 8 
NAVAL WEAPONS STATION, YORKTOWN 

YORKTOWN, VIRGINIA 

Highlighted areas represent hazard quotients greater than one. 
(I) Station-wide and anthropogenic background soil 
(2) Least conservative receptor models 

HQ Hazard Quotient (equivalent to benchmark divided by maximum concentration) 
NE Not Evaluated (lack of NOAEL or LOAEL) 
NA Not Applicable 
ND Not Detected 
J Analyte was positively identified, value is estimated 
K Estimated value, biased high 
L Estimated value, biased low 

miVk milligrams per kilogram 



i 

TABLE 3-9 

SUMMARY OF TERRESTRIAL RISK AND ASSOCIATED 
ECOLOGICAL CONTAMINANTS OF CONCERN 

SITE 18 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

No. of Site 
Positive Background Samples 

Ecological Maximum Detects/ Surface Soil Detected Flora Fauna 
Contaminant of Concentration No. of Range”) Above Maximum Maximum Species with the 

Concern h&3) Samples W&id Background HQ HQ Highest HQc2) Modeled HQ Value 
Inorganics I 

^ ., 
Aluminum 6,670 717 1,960 - 24,100 0 

Chromium 6.7 717 2.6 - 33.5 0 f 

t 3.2 I 717 1.25 - 24 .4 0 

I Iron I 5.740 I 717 I 1.440 - 46.400 0 I ~~~~~ NE 

I Lead 39.7 

0.07 

717 

II7 

1 

2.1 - 43. 

0.05J 

,I 0 

1 

Notes: 

Highlighted areas represent hazard quotients greater than one. 

(‘) Station-wide and anthropogenic background soil 
(2) Least conservative receptor models 

HQ Hazard Quotient (equivalent to benchmark divided by maximum concentration) 
NE 
NOAEL 
LOAEL 
J 
wt&s 

Not Evaluated (lack of NOAEL or LOAEL) 
No Observed Adverse Effect Level 
Lowest Observed Adverse Effect Level 
Analyte was positively identified, value is estimated 
milligrams per kilogram 



TABLE 3-10 

SUMMARY OF AQUATIC RISK AND ASSOCIATED 
ECOLOGICAL CONTAMINANTS OF CONCERN 

SITE 18 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Pesticides/PCBs 

Aluminum 

Notes 

Highlighted areas represent hazard quotients greater than one. 
(‘) Off-station background stations located in Taskinas and Timbemeck Creeks 
(‘) Least conservative receptor models 



HQ 
NE 
NA 
ND 
NOAEL 
LOAEL 
J 
L 
K 
Pdl 
mg/kg 

‘\ 

f 

TABLE 3-10 (Continued) 

SUMMARY OF AQUATIC RISK AND ASSOCIATED 
ECOLOGICAL CONTAMINANTS OF CONCERN 

SITE 18 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Hazard Quotient (equivalent to benchmark divided by maximum concentration) 
Not Evaluated (lack of NOAEL or LOAEL) 
Not Applicable (not a contaminant of concern in this media) 
Not Detected 
No Observed Adverse Effect Level 
Lowest Observed Adverse Effect Level 
Analyte was positively identified, value is estimated 
Estimated value, biased low 
Estimated value, biased high 
micrograms per liter 
milligrams per kilogram 



TABLE 3-l 1 

SUMMARY OF TERRESTRIAL RISK AND ASSOCIATED 
ECOLOGICAL CONTAMINANTS OF CONCERN 

SSA 14 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Ecological 
Contaminant of 

Concern 

Maximum 
Concentration 

O&k) 

No. of Positive 
Detects/ 

No. of Samples 

Background 
Surface Soil 

Range”) 
h349 

Flora 
HQ 

Fauna 
HQ 

Species with the 
Highest HQ(‘) 

Modeled HQ 
Value 

Nitramines 

HMX 
.z. . . . . ..A.. .z.i. t... .c.'.....'.)..>y .z.. . ..l.... . ..A .y. .,.p .\/.. ..~..~.~~~~:.~~~,:,:,:,:,:.:.:,:,:,:,:,:,~.:,:,:,:,:.:,:,~.:,.,., .,.,: ,.... ;,:,'.',.. .,, ,,(,, ,,.,.,,,.,,,,,.,.,,~,. ",~~:'.~:.~~:,:,~:.: 

17,000 315 ND NE 
~:.~~~:.~.~‘.~.~.~.~.~.~.~.~.. .~.,.~.~.~.~,~.,,,,~;.~~.~.~.~~~~~~ ~~~~~~:~~~~~ ~~~~~~~~~~~~ :i::<::::::::::::::::;:::::::::::::’: ,.. ,., .‘. i,.,.,.,.,.,.,.,., ,.,.,.,.,.,.,.I,., Qx. . . . . ../...i........... . . . . ..-...-.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .:.:.:.:.:.:.>:.:.‘+~.*~: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..i...../.................. ::..:..::. _.......I.... .:..: :..:. . . .A.......... ._.. ,., :: :..... . . . . . . . . . . L 

I Inorganics 

Aluminum 18,200 515 1,960 - 24,100 
::$$:i:>.;:;:;: :.~.-.i..-.....- j:y:yj.:::::, 

Antimony l.lL l/5 9.2L - 11L 
:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:...:.:. 
:i~ira;;~~~i;~~~~~~ 

I Chromium I 39.4 I 515 I z-6-33.5 ~~:~ li" 

I Iron I 28,600 1 515 I 1,440 - 46,400 NE I’ 
p :~~~~~~ 

I Vanadium 85.3 1 515 I 5.25 64.7 r .i...... .,.,.,...,.i,.,.,., ,..Y..,........ .,.; ,.,.::. ., - ~~~~~~~~~ 

Notes: 

Highlighted areas represent hazard quotients greater than one. 
w Least conservative receptor models 
c2) Background range presented includes Station-wide and anthropogenic background sample results for all soil classifications 

HQ Hazard Quotient (equivalent to benchmark divided by maximum concentration) 
NE 
NA 
ND 

Not Evaluated (lack of NOAEL or LOAEL) 
Not Applicable (not a surface soil ecological contaminant of concern) 
Not Detected 



TABLE 3-11 (Continued) 

SUMMARY OF TERRESTRIAL RISK AND ASSOCIATED 
ECOLOGICAL CONTAMINANTS OF CONCERN 

SSA 14 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

NOAEL No Observed Adverse Effect Level 
LOAEL Lowest Observed Adverse Effect Level 
J Analyte was positively identified, value is estimated 
K Estimated value, biased high 
L Estimated value, biased low 

mg/kg milligrams per kilogram 



3 
TABLE 3-12 

SUMMARY OF AQUATIC RISK 
SITE S/SSA 14 - EAST BRANCH OF FELGATES CREEK 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Semivolatiles 

Ecological 
Contaminant 
of Concern 

Surface Water Sediment 
Off-Station Off-Station 

Tidal Freshwater No. of Tidal Freshwater 
Stream Site Samples Positive Stream 

Surface Background Detected Maximum Detects/ 
Surface Water (‘) 

Background 
Water Above Concentration No. of Sediment Sediment (‘) 
HQ* (I@-,) Background b-c&) Samples HQ Owk) 

38.15-379 1 I NA 1 NA 1 NA NA 
NE 1 19.8K-55.5K 1 0 21.7 1 14114 1 0.42 1 9.3K-55.2 

4 
Site Samples Species 

Detected with the 
Above Highest 

Background HQ’*’ 

3 Heron 

0 Heron 
1 NE 
1 I Heron 
0 I Heron 
0 I Heron 
0 1 NE 

Notes: 

Highlighted areas represent hazard quotients greater than one. 
* Surface water hazard quotients were not calculated for the tidal freshwater ecological contaminants of concern due to a lack of benchmark values. 
(I) Off-station background stations located in Taskinas and Timberneck Creeks 
(*) Least conservative receptor models 
HQ Hazard Quotient (equivalent to benchmark divided by maximum concentration) 
NE Not Evaluated (lack of NOAEL or LOAEL) 
NA Not Applicable (not a contaminant of concern in this media) 
NOAEL No Observed Adverse Effect Level 
LOAEL Lowest Observed Adverse Effect Level 
J Analyte was positively identified, value is estimated 
L Estimated value, biased low 
K Estimated value, biased high 

l-d1 microgram per liter 

m&4 milligrams per kilogram 

Modeled 
HQ Value 

0.006 



TABLE 3-13 

SUMMARY OF THE POTENTIAL CHEMICAL-SPECIFIC ARARs AND TBCs 
SITES 2,8, AND 18, AND SSA 14 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation 

FEDERAL/CONTAMINANT-SPECIFIC ARARs/TBCs 

Requirement Consideration in the FS Comments 

Safe Drinking Water Act (42 USC 300[fj) 
Maximum Contaminant Levels (MCLs) 
40 CFR 141.11-141.16 

Standards for protection of drinking water 
sources serving at least 25 persons. MCLs 
consider health factors, as well as economic 
and technical feasibility of removing a 
contaminant. 

Not applicable to Sites 2, 8, and 18 The aquifer system underlying Sites 2, 
or SSA 14. Relevant and 8, and 18 and SSA 14 does not 
appropriate in developing cleanup provide a potable water supply. 
goals for contaminated groundwater Therefore, MCLs will not be 
and surface water that may considered as an ARAR. 
potentially be used as a potable 
water supply. 

Clean Water Act (CWA), 33 USC 1251 et seq Guidelines to assess acute and chronic toxic ARAR/TBC Will be applicable for surface water 
effects in aquatic organics for surface water bodies and groundwater discharge to 
bodies. Also, included criteria for protection of surface water. 
human health from ingestion of water and 
aquatic organisms or from ingestion of 
organisms alone. 

Non-enforceable guidelines for chemicals that Not an applicable TBC requirement. The aquifer system underlying Sites 2, 
may intermittently be encountered in public 8, and 18 and SSA 14 does not 
water supply systems. Available for short- or provide a potable water supply. 
long-term exposure for a child and/or adult. 

Health Advisories, EPA Office of Drinking 
Water 

Safe Drinking Water Act (42 USC 300[fj) Non enforceable Federal contaminant levels Not an applicable TBC requirement. The aquifer system underlying Sites 2, 
National Secondary Drinking Water intended as guidelines for the aesthetic qualities 8, and 18 and SSA 14 does not 
Regulations (SMCLs) 40 CFR 143, excluding of public water systems. provide a potable water supply. 
143.5(b) 

Resource Conservation and Recovery Act Provides definition of RCRA hazardous waste, ARAR/TBC May be applicable if hazardous waste 
(RCRA), 40 CFR Sections 26 1.2 1, applicable for determining whether waste is is generated at Sites 2, 8, and 18 or 
26 1.22(a)(l), 26 1.23,26 1.24(a)(l), and hazardous. SSA 14. 

261.100 



TABLE 3-13 (Continued) 

SUMMARY OF THE POTENTIAL CHEMICAL-SPECIFIC ARARs AND TBCs 
SITES 2,8, AND 18, AND SSA 14 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation 

Toxic Substances Control Act (TSCA), 40 
CFR 761.60, excluding 76 1.60(a)(B and D), 
76 1.60(a)(3)(iii)(3), 76 1.60(e), 761.60(f); 
76 1.65(a and b); 76 1.65 (c) except 
761.65(c)(9); 761.65(e)(6)(ii and iii); 
76 1.65(e)(7 and 8); 76 1.79( 15 USC 260 1, et 

seq/) 

Clear Air Act (CAA), 40 USC 7401 et seq. 

Requirement 

Applicable for wastes (soils, sludges, or 
dredged material) contaminated with PCBs at 
concentrations greater than 50 parts per million 

(ppm> 

National Ambient Air Quality Standards: 
Primary and secondary standards for ambient 
air quality to protect public health and welfare 
(including standards for particulate matter and 
lead). 

STATE OR REGIONAL/CONTAMINANT-SPECIFIC ARARs/TBCs 

TBC 

Virginia Drinking Water Standards - PMCLs- 
Primary Maximum Contaminant Levels 
(Bureau of National Affairs, December 1994) 

Virginia Anti-Degradation Policy for 
Groundwater 
(VR 680-2 l-04) 

Virginia Water Quality Standards (VR 680- 
21-01.14 

Establishes drinking water standards for the 
Commonwealth 

Establishes groundwater standards for State 
Anti-degradation Policy for Groundwater 
(VR 680-21-04.2). 

Guidelines to assess acute and chronic toxic 
effects in aquatic organics for surface water 
bodies. Also, included criteria for protection of 
human health from ingestion of water and 
aquatic organisms or from ingestion of 
organisms alone. 

Consideration in the FS 

Not applicable to Sites 2, 8, and 18 
or SSA 14. Relevant and 
appropriate in developing cleanup 
goals for contaminated groundwater 
and surface water that may 
potentially be used as a potable 
water supply. 

ARAR 

TBC 

Comments 

Applicable at Sites 2 and 8 for soils 
contaminated with PCBs at 
concentrations greater than 1 ppm, the 
“clean soil” action level. 

May need to monitor air at and around 
the sites during remediation to ensure 
compliance with standards. 

The aquifer system underlying Sites 
2,8, and 18 and SSA 14 is not a 
potable water supply. 

Applicable to the groundwater aquifer 
system at Sites 2, 8, and 18 and SSA 
14. 

Applicable for surface water bodies 
and groundwater discharge to surface 
water. 



TABLE 3-13 (Continued) 

SUMMARY OF THE POTENTIAL CHEMICAL-SPECIFIC ARARs AND TBCs 
SITES 2,8, AND 18, AND SSA 14 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

I Requirement 

Virginia Drinking Water Standards-SMCLs- Non-enforceable guidelines to protect the 
Secondary Maximum Contaminant Levels aesthetic qualities of drinking water such as 
(Bureau of National Affairs, December 1994) taste or odor. 

Consideration in the FS 

Not an applicable TBC requirement. 

Virginia Board of Health Waterworks 
Regulations (VR 355-28-004) 

Standards for protection of health of consumers 
using public drinking water supplies. 
Establishes MCLs for given contaminants. 

Not an applicable TBC requirement. 

Virginia Hazardous Waste Management 
Regulations, VR 672-10-01 

Virginia Air Pollution Control Regulations, 
VR 120-03 

Provides definition of RCRA hazardous waste, 
applicable for determining whether waste is 
hazardous. 

Ambient Air Quality Standards: Primary and 
secondary standards for ambient air quality to 
protect public health and welfare (including 
standards for particulate matter and lead). 

ARARITBC 

Comments 

The aquifer system underlying Sites 
2,8, and 18 and SSA 14 is not a 
potable water supply. 

The aquifer system underlying Sites 
2,8, and 18 and SSA 14 is not a 
potable water supply. 

May be applicable is hazardous waste 
is generated at Sites 2,8, and 18 or 
SSA 14. 

Will need to monitor air at and around 
the sites to ensure compliance with 
standards. 



TABLE 3-14 

POTENTIAL LOCATION-SPECIFIC ARARs AND TBCs 
SITES 2,8, AND 18 AND SSA 14 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation Requirement Consideration in the FS Comments 

FEDERAL/LOCATION-SPECIFIC 

(32 CFR Parts 229 and 229.4; 
43 CFR Part 171; and 36 CFR Part 800) 

Develops procedures for the protection of 
archaeological and historical resources. 

Applicable to any excavation on site. 
If archaeological resources are 
encountered during soil excavation, 
they must be reviewed by Federal and 
Commonwealth archaeologists. Also 
may be applicable to historical 

Preservation Act (36 CFR 65) archaeological and historical resources. excavation on site. If excavation not present at the sites/SSA. 
presents any alteration of terrain that 
threatens significant scientific, 

istoric, historic, or archaeologic 

Protection of Archaeological Resources 
(32 CFR Parts 229 and 229.4; 43 CFR Parts 
107 and 171.1-5) 

Develops procedures for the protection of 
archaeological and historical resources. 

ARAR. Applicable to any Archaeologically significant areas are 
excavation on site. If archaeological not present at the sites/SSA. 
resources are encountered during 
soil excavation, they must be 
reviewed by Federal and 
Commonwealth archaeologists. 



1) 

TABLE 3-14 (Continued) 

POTENTIAL LOCATION-SPECIFIC ARARs AND TBCs 
SITES 2,8, AND 18 AND SSA 14 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation Requirement Consideration in the FS Comments 

Groundwater Protection Strategy EPA policy to protect groundwater for its TBC The groundwater in the shallow 
highest present or potential beneficial use. The aquifer system at the sites/SSA should 
strategy designates three categories of be considered a Class 3. 
groundwater: 

Class 1 - Special Ground Waters 
Class 2 - Current and Potential Sources of 

Drinking Water and Waters 
Having Other Beneficial Uses 

Class 3 - Groundwater Not a Potential 
Source of Drinking Water and of 
Limited Beneficial Use 

Executive Order 1988. Protection of 
Floodplains; 40 CFR 6, Appendix A; 
excluding Sections 6(a)(2), 6(a)(4), 6(a)(6); 
40 CFR 6.302 

Actions taken should avoid adverse effects, Not applicable The sites/SSA are not located within a 
minimize potential harm, restore, and preserve floodplain. 
natural and beneficial values. 

Executive Order 11990, Protection of Action to minimize the destruction, loss, or ARAR Wetlands are present near the sites and 
Wetlands; 40 CFR 6, Appendix A; excluding degradation of wetlands. could potentially be impacted by 
Sections 6(a)(2), 6(a)(4), 6(a)(6); 40 CFR remedial response actions. 
6.302 

Clean Water Act, Section 404; 40 CFR 
230.10; 40 CFR231 (231.1,231.2,231.7, 
231.8) 

Action to prohibit discharge of dredged or fill 
material into wetland without permit. 

ARAR This requirement is an ARAR if 
discharge of dredged or fill material to 
a wetland is planned as part of 
remedial response action. 

RCRA Location Requirements, 40 CFR 
264.18 

Places limitations on where on-site storage, 
treatment, or disposal of RCRA hazardous 
wastes may occur. 

ARAR If RCRA hazardous wastes are present 
at Sites 2, 8, and 18 or SSA 14, 
hazardous wastes will be handled and 
disposed of accordingly. 



TABLE 3-14 (Continued) 

POTENTIAL LOCATION-SPECIFIC ARARs AND TBCs 
SITES 2,8, AND 18 AND SSA 14 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation Requirement Consideration in the FS Comments 

1 STATE/LOCATION-SPECIFIC I 

Virginia Wetlands Regulations (VR 450”Ol- 
005 1) 

Virginia Endangered Species Act and Virginia 
Board of Game and Inland Fisheries; Code of 
Virginia Sections 29.1-563 et seq. and 29-100 
et seq. 

Regulates activities that impact wetlands. ARAR. 
I 

Activities that could impact wetlands 
will comply with regulations. 

Action to conserve endangered species or Not applicable There are no known endangered 
threatened species, including consultation with species at Sites 2, 8, and 18 or SSA 
the Board of Game and Inland Fisheries. 14. 



. . 
TABLE 3-l 5 

POTENTIAL ACTION-SPECIFIC ARARs AND TBCs 
SITES 2,8, AND 18 AND SSA 14 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation Requirement Consideration in the FS Comments 

FEDERAL/ACTION-SPECIFIC 

DOT Rules for Hazardous Materials Transport 
(49 CFRParts 107 and 171.1-500) 

Resource Conservation and Recovery Act 
(RCRA) Subtitle C 

Identification and Listing of 
Hazardous Waste (40 CFR Part 26 1) 

Treatment, Storage, and Disposal 
(TSD) of Hazardous Waste 
(40 CFR Parts 262-265,266) 

Regulations concerning determination of 
whether or not a waste is hazardous based on 
characteristics or listing. 

Regulates the treatment, storage, and disposal 
of hazardous waste. 

Manifest Systems, Recordkeeping, Regulates manifest systems related to 
and Reporting (40 CFR Part 264, hazardous waste treatment, storage, and 
Subpart E) disposal. 

Releases from Solid Waste 
Management Units (40 CFR Part 
264, Subpart F) 

Regulates releases from solid waste 
management units. 

Use and Management of Containers 
(40 CFR Part 264, Subpart I) 

Toxic Substances Control Act (TSCA) ( 15 
USC 2601 et seq) (40 CFR portions of Part 
761) 

National Emissions Standards for Hazardous 
Air Pollutants (NESI-IAPs) (40 CFR Part 61) 

Regulates the transport of hazardous waste 
materials including packaging, shipping, and 
placarding. 

Regulates the treatment, storage, and disposal 
of hazardous waste. 

Regulates use and management of containers 
being stored at all hazardous waste facilities. 

Regulates management and disposal of PCB 
contaminated materials. 

Standards promulgated under the Clean Air Act 
for significant sources of hazardous pollutants, 
such as vinyl chloride, benzene, 
trichloroethylene, dichlorobenzene, asbestos, 
and other hazardous substances. Considered 
for any source that has the potential to emit 
10 tons of any hazardous air pollutant or 
25 tons of a combination of hazardous air 
pollutants per year. 

Applicable for any action requiring 
off-site transportation of hazardous 
materials. 

Applicable to remedial actions 
involving treatment, storage, or 
disposal of hazardous waste. 

Applicable in determining waste 
classification. 

Applicable in the event that wastes 
on site are classified as hazardous. 

Applicable to remedial actions 
where hazardous waste is generated 
or transported. 

All solid waste management units on 
site shall comply with requirements. 

Applicable to containers stored on 
site. 

ARAR/TBC 

Applicable to releases or potential 
releases of hazardous pollutants. 
Remedial actions may result in 
release of hazardous air pollutants. 
The treatment design would include 
air emissions control equipment as 
required to comply with NESHAPs. 

Remedial actions may include off-site 
treatment and disposal. 

Remediation may involve treatment, 
storage, or disposal of hazardous 
waste. 

Remediation may involve 
contaminants that are considered listed 
wastes. 

TSD activities related to hazardous 
waste will comply with regulations, 

Remedial actions may include off-site 
disposal or treatment. 

Groundwater protection standards 
apply to solid waste management 
units. 

Remedial actions may generate 
containerized waste. Investigation- 
derived waste (IDW) is containerized. 

Remedial activities may generate PCB 
contaminated wastes. 

The release of hazardous air 
pollutants at Sites 2, 8, and 18 and 
SSA 14 is not anticipated. 
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TABLE 3-15 (Continued) 

POTENTIAL ACTION-SPECIFIC ARARs AND TBCs 
SITES 2,8, AND 18 AND SSA 14 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation Requirement Consideration in the FS Comments 

FEDERAL/ACTION-SPECIFIC (Continued) 

National Ambient Air Quality Standards Standards for the following six criteria TBC The release of criteria air pollutants 
(NAAQS) (40 CFR 50) pollutants: particulate matter; sulfur dioxide; are not anticipated at Sites 2, 8, and 18 

carbon monoxide; ozone; nitrogen dioxide; and and SSA 14. 
lead. The attainment and maintenance of these 
standards are required to protect the public 
health and welfare. 

Control ofAir Emissions from Air Strippers at Guidance that establishes criteria as to whether TBC Applicable if the alternative includes 
Superfund Groundwater Sites (OSWER air emission controls are necessary for air air stripping. 
Directive 9355.0-02) strippers. A maximum 3 lb&r or 15 Ibs/day or 

10 tons/yr of VOC emissions is allowable; air 
pollution controls are recommended for any 
emissions in excess of these quantities. 

OSHA Requirements Provides regulations for workers safety and TBC Applicable to all workers engaged in 
(29 CFR Parts 1910,1926, and 1940) health to be followed during all construction on-site field activites. 

and operation of remedial activities. 

STATE/ACTION-SPECIFIC 

site disposal of nonhazardous waste. 

Regulations (VR 672” lo- 1) of hazardous waste. 



TABLE 3-15 (Continued) 

POTENTIAL ACTION-SPECIFIC ARARs AND TBCs 
SITES 2,8, AND 18 AND SSA 14 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation Requirement Consideration in the FS Comments 

STATE/ACTION-SPECIFIC (continued) 

Releases from Solid Waste Regulates releases from solid waste All solid waste management units on Groundwater protection standards 
Management Units (VR 672-10, Part management units. site shall comply with requirements. apply to solid waste management units. 
X, Section 10.5) 

Use and Management of Containers Regulates use and management of containers Applicable to containers stored on Remedial actions may generate 
(VR 672-10, Part X, Section 10.8) being stored at all hazardous waste facilities. site. containerized waste. Investigation- 

derived waste (IDW) is containerized. 

Virginia Stormwater Management Regulations Regulates stormwater management and erosion/ Applicable for remedial actions Activities during construction will 
(VR 215-02-00) and Virginia Erosion and sedimentation control practices that must be involving land disturbing activities. comply with the Virginia Storm Water 
Sediment Control Regulations followed during land disturbing activities. Management Program. A sediment 
(VR 625-02-00) and erosion control plan will be 

submitted to LANTDIV for approval. 

Virginia Water Quality Standards Surface water quality standards based on water Applicable to remedial actions May be considered an ARAR if 
(VR 680-2 l-00) use and criteria class of surface water. requiring discharge to surface water. discharges to surface water are part of 

remedial activities. 

Virginia Ambient Air Quality Standards Primary and secondary air quality standards for Potentially applicable for remedial Air emissions from a remedial 
(VAAQS) (VR 120-03-01) particulate matter, sulfur oxides, carbon actions requiring discharge to the treatment facility will be monitored to 

monoxide, nitrogen dioxide, and lead. atmosphere. comply with the substantive 
requirements of VAAQS provided by 
VADEQ. 

Virginia Emission Standards for Toxic Establishes acceptable limits for toxic These standards are applicable To be used during remedial design to 
Pollutants (VR 120-O 1) pollutants by applying a l/40 correction factor requirements for remedial actions determine whether air emissions from 

to the occupational standard Threshold Limit requiring discharge to the a remedial treatment facility will not 
Value-Ceiling (TLV-Ceiling). atmosphere. exceed air emission standards. 

Virginia Pollution Discharge Elimination Regulated point-source discharges through the Applicable to discharge of treated May be an ARAR if point source 
System (VPDES) (VR 680-14-01) Regulation VPDES permitting program. Permit water to surface water. discharges into surface 
and Virginia Water Protection Permit requirements include compliance with water are part of remedial activities. 
Regulations (VR 680-15-01) corresponding water quality standards, 

establishment of a discharge monitoring system, 
and completion of regular discharge monitoring 
records. 



TABLE 3-16 

HUMAN HEALTH PRGs FOR SURFACE SOIL 
SITE 2 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA I 

Contaminant 

Human Health I 
Future Commercial/Industrial 

Future Residentsc4’ Worker Background(‘) PRG Value 

HI 1 1~10-~ 1 IxIO-~ HI 1 1~10~ 1 1x1@ 

2,300 1 21,325 
180 1 1,284 

Notes: 
(1) Total carcinogenic PAHs include benzo(a)anthracene, benso(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, 
dibenzo(a,h)anthracene, indeno(l,2,3-cd)pyrene, and carbazole. 
(2) Carcinogenic risk for benzo(a)pyrene only 
(3) carcinogenic/noncarcinogenic 
(4) Most conservative value for either an adult or child receptor. 

(5) Based on combined Station-wide and anthropogenic background concentrations 

HI - Hazard Index 

NA - Not Applicable 

ND - Not Detected 

PAH - Polynuclear Aromatic Hydrocarbon 

RBC -Risk Based Concentration 

mg/kg - milligrams per kilogram 

PRG - Preliminary Risk-Based Remediation Goal 



. 



TABLE 3-18 

HUMAN HEALTH PRGs FOR GROUNDWATER 
SITE 8 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

IContamkmt 1 USEPA 

Trichloroethene I 1.6 I 1,310 I , ,--- . 

ITnorPanics fmdLl 

Notes: 

(1) Most conservative value for either an adult or child receptor. 

(2) Based on combined Station-wide and anthropogenic background concentrations 

HI - Hazard Index 

NA - Not Applicable 

ND - Not Detected 

RBC - Risk Based Concentration 

mg/L - milligrams per liter 

PRG - Preliminary Risk-Based Remediation Goal 



TABLE 3-19 

HUMAN HEALTH PRGs FOR SURFACE SOIL 
SSA 14 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

I Contaminant 

Human Health 

Future Commercial/Industrial 
Future Residentsc4) Worker Background(‘) I I PRG Value 

Notes: 

(1) Total carcinogenic PAHs include benzo(a)anthracene, benso(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, 

dibenzo(a,h)anthracene, indeno(l,2,3-cd)pyrene, and carbazole. 

(2) Carcinogenic risk for benzo(a)pyrene only 

(3) carcinogeniclnoncarcinogenic 

(4) Most conservative value for either an adult or child receptor. 

(5) Based on combined Station-wide and anthropogenic background concentrations 

HI - Hazard Index 

ND -Not Detected 

PAH - Polynuclex Aromatic Hydrocarbon 

RBC - Risk Based Concentration 

m&g -milligrams per kilogram 

PRG - Preliminary Risk-Based Remediation Goal 



TABLE 3-20 

ECOLOGICAL PRGs FOR SURFACE SOIL 
SITE 2 

NAVAL WEAPONS STATION, YORKTOWN 
YORKTOWN, VIRGINIA 

ORNL Benchmarks(3) 
Concentration 

Maximum BTAG Derived from 
Detected Screening Earthworm Microorganism Receptor Model for No 

Contaminant Concentration Level”) ER-M (*) Phytotoxicity Toxicity Toxicity Model Risk PRG Value 

Organics (mg/kg) 

Fluoranthene 90 0.1 5.1 NE NE NE Shrew 4.2 4.2 

Phenanthrene 79 0.1 1.5 NE NE NE Shrew 4.2 4.2 

Pyrene 84 0.1 2.6 NE NE NE Shrew 4.2 4.2 

Aroclor-1254 6.2 0.1 NA 40” NE NE Shrew 0.21 0.21 

Inorganics (mg/kg) 

Notes: 

BTAG 
ER-M 

mid& 
ORNL 
PRG 
L 
NA 
NE 
(1) 
(2) 
(3) 
(4) 

Biological Technical Assistance Group 
Effects Range - Medium 
milligrams per kilogram 
Oak Ridge National Laboratory 
Preliminary Risk-Based Remediation Goal 
Estimated value, biased low 
Not Applicable 
Not Evaluated 
USEPA, 1995 
These values were discussed in WPNSTA Partnering Meetings as possible remediation goals for noncarcinogenic polynuclear aromatic hydrocarbons. 
Will and Suter, 1997 
Efroymson et al., 1996 



TABLE 3-21 

ECOLOGICAL PRGs FOR TIDAL FRESHWATER SURFACE WATER 
SITE 2 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Contaminant 

Nitramines &g/L) 

2,4,6-Trinitrotoluene 

Maximum 
Detected 

Concentration 

0.14J 

BTAG 
Screening 
Level (‘) 

NE 

Surface Water 
Benchmarks (Z)(3) 

Acute Chronic 

570 130 

Notes: 

BTAG Biological Technical Assistance Group 
PRG Preliminary Risk-Based Remediation Goal 
NE Not Evaluated (due to lack of NOAEL and LOAEL values for aquatic receptors and TNT) 

l&l 
J 

(1) 
(2) 
(3) 

micrograms per liter 
Analyte was positively identified, value is estimated 

USEPA, 1995 
Talmage and Opresko, 1996 
Benchmark value for freshwater surface water 



TABLE 3-22 

ECOLOGICAL PRGs FOR SEDIMENT 
SITE 2 

NAVAL WEAPONS STATION, YORKTOWN 
YORKTOWN, VIRGINIA 

Contaminant 

Inorganics (mg/kg) 

Silver 

Maximum 
Detected 

Concentration 

13.9 

BTAG 
Screening 

Level”) 

1 

ER-M’*’ 

3.7 

Receptor Model 

NE 

Concentration 
Derived from Model 

for No Risk 

NE 

PRG Value 

3.7 

Notes: 

BTAG Biological Technical Assistance Group 
PRG Preliminary Risk-Based Remediation Goal 
ER-M Effects Range-Median 
NE Not Evaluated (due to lack of NOAEL and LOAEL values for aquatic receptors and silver) 
mdk milligrams per kilogram 

(1) 
(2) 

USEPA, 1995 
Long et al., 1995 



TABLE 3-23 

ECOLOGICAL PRGs FOR SURFACE SOIL 
SITE 8 

NAVAL WEAPONS STATION, YORKTOWN 
YORKTOWN, VIRGINIA 

Concentration 
Derived from 
Model for No 

Risk 

Maximum 
Detected 

Concentration 
Receptor 

Model PRG Value Contaminant 

Organics (mglkg) 

Aroclor-1260 10 0.1 40” NE NE Shrew 0.21 0.21 

0.0075 1 0.4 1 

Inorganics (mg/kg) 

Chromium 

Copper 

Lead 

61.5 

68.4 

129 

Shrew 0.4 0.4 

Robin 1.49 1.49 15 100 50 100 

0.01 50 500 900 

0.058 0.3 0.1 30 

Robin 1.91 1.91 

Robin 0.06 0.06 Mercury 0.91 

Zinc 249 10 I 50 I 200 I 100 Robin 88 88 

Notes: 

BTAG Biological Technical Assistance Group 
ORNL Oak Ridge National Laboratory 
PRG Preliminary Risk-Based Remediation Goal 

m&z milligrams per kilogram 
NE Not Evaluated 
0) USEPA, 1995 
(2) Will and Suter, 1997 
(3) Maxwell and Opresko, 1996 



TABLE 3-24 

ECOLOGICAL PRGs FOR FRESHWATER SURFACE WATER 
SITE 18 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Contaminant 

Inorganics @g/L) 

Copper 

Maximum 
Detected 

Concentration 

58.9 

BTAG Screening Level”) 

Acute Chronic 

35.gc2’ 22.4’*’ 

ORNL 
Surface Water 
Benchmarks(3) 

3.gc4’ 

Receptor 
Model 

NR 

Concentration 
Derived from 

Model for No Risk 

NR 

PRG Value 

22.4 

Notes: 

BTAG Biological Technical Assistance Group 
ORNL Oak Ridge National Laboratory 
PRG Preliminary Risk-Based Remediation Goal 
NE Not Evaluated (due to lack of NOAEL and LOAEL values for aquatic receptors) 
NR No risk to aquatic recptor model from surface water concentrations 

Pdl micrograms per liter 

(1’ 
(2) 
(3) 
(4) 

USEPA, 1995 
Screening level is based on an average site-specific hardness of 2 10.79 mg/L 
Suter II and Tsao, 1996 
Value for the protection of fish 



TABLE 3-25 

ECOLOGICAL PRGs FOR SEDIMENT 
SITE 18 

NAVAL WEAPONS STATION, YORKTOWN 
YORKTOWN, VIRGINIA 

Contaminant 

Inorganics (m&kg) 

Copper 

Iron 

Maximum BTAG 
Detected Screening 

Concentration Level”) 

64 34 

49,000 NE 

ER-M 

270c2’ 

27,000’3’ 

Receptor Model 

Heron 

Heron 

Concentration 
Derived from 

Model for No Risk 

11.9 

5,100 

PRG Value 

270 

27,000 

Notes: 

BTAG Biological Technical Assistance Group 
PRG Preliminary Risk-Based Remediation Goal 
NE Not Evaluated 

m&g milligrams per kilogram 
ER-M Effects Range-Median 

(1) 

(2) 
(3) 

USEPA, 1995 
Long et al., 1995 
This value is an Apparent Effects Threshold (Tetra Tech, 1989) 



TABLE 3-26 

ECOLOGICAL PRGs FOR SURFACE SOIL 
SSA 14 

NAVAL WEAPONS STATION, YORKTOWN 
YORKTOWN, VIRGINIA 

Contaminant 

Organics (mg/kg) 

HMX 

Inorganics (mg/kg) 

Barium 

Copper 

Lead 

Mercury 

ZitlC 

Maximum BTAG ORNL Benchmarkso’ Concentration 
Detected Screening Earthworm Microorganism Receptor Derived from 

Concentration Level(‘) Phytotoxicity Toxicity Toxicity Model Model for No Risk PRG Value 

17,000 NE NE 5000’ NE Fox 8.6 8.6 

2,460 440 500 NE 3,000 Shrew 4 4 

113 15 100 50 100 Robin 1.48 1.48 

124 0.01 50 500 900 Robin 1.91 1.91 

0.29 0.058 0.3 0.1 30 Robin 0.06 0.06 

3185 10 50 200 100 Robin 88 88 

Notes: 

BTAG Biological Technical Assistance Group 
ORNL Oak Ridge National Laboratory 
PRG Preliminary Risk-Based Remediation Goal 

w&g milligrams per kilogram 
NE Not Evaluated 
(1) USEPA, 1995 
(2) Will and Suter, 1997 
(3) Maxwell and Opresko, 1996 



SELECTION OF REMEDIATION GOALS 
FOR CONTAMINANTS OF POTENTIAL CONCERN 

SITE 2 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

I Surface Soil I 

Basis 
Final 

Human Health Ecological . 
PRG (q/L) PRG @g/L) Eo$$; Contaminant Basis 

Human Health Ecological 
Final 

Remediation 
PRG @WJ@ PRG OwW Goal c,,,pncg) 

Basis 

Organics 
Human Health -. __ __ 

3.33 1 1 x 1o.5 I 
__ __ __ 

I 
-- 

Total Carcinogenic PAHs’” 3.33 -_ 
I I I I I I I I I I I 

Total PAHs 
PCBs 

Aroclor-1254 
*..-I__? ..__ 

__ -_ -- __ _- __ 
44Q) 

ER-M 
44 

1.31 0.21 1.31 

Human Health 

l x 1oa 

__ __ -- __ __ 

__ __ __ -_ __ _- 

__ _- -_ __ __ -- 
LIpl”JlWS 

4-Amino-2,6-Dinitrotoluene 37 37 

Human Health 
HI 

I , 

__ __ -- __ __ __ 

2,4,6-Trinitntoluene 
Inorgnnics 

Aluminum 

Antimony 

Arsenic 

Cadmium 

Cobalt 

-- 

3.052.569 

1,221 

31.06 

11,008 

-- 

__ 

__ 

__ 

_- 

0.37 

6.3 

3,052,569 

1,221 

31.06 

11,008 

6.3 

Human Health 

I x 10” 
Human Health 

lx 10” 
Human Health 

1 x lo-5 
Human Health 

1 x 10” 
Ecological 

Robin Model 
Human Health 

__ 

__ 

__ 

__ 

_- 

__ 

__ 

130 

__ 

-- 

__ 

-_ 

__ 

__ 

130 

__ 

__ 

-- 

__ 

-- 

-_ 

Chronic Surface Water 
Benchmark 

-_ __ __ 

__ __ __ 

__ __ _- 

_- __ __ 

-_ __ __ 

__ __ __ 

__ -- -_ 

146,909 1.48 146,909 I x 1oa I -_ -_ __ __ __ __ 

I I 1 Human Health 1 I 
915,771 915,771 lxlOd 

Human Health 

-- __ __ I __ I -- I .- I I 

M%ptlese 39,895 39,895 lx lK6 __ -_ 

Ecological __ MWlty 0.06 0.06 Robin Model __ -- 

__ __ __ -- 

_- -_ __ __ 
Ecological 

Silver I - I __ -_ I 
I 1 HumanHealth 1 

__ __ .- -. 3.7 3.7 Shrew Model 

Thallium 244 3.1 244 HI I __ __ __ I __ _- __ 
I 

Notes: 
(1) Total carcinogenic PAFIr include bemo(a)snthmenc, bcnso(a)ppne, benzo(b)fluaanthene, benzo(k)fluorandcnc. chnsene. 

dibew&h)sntbraccne, indeno(l,2,3sd)p?rrne, and carbazole. 

(2) This value was discussed at WPNSTA Yorktown partnering meetings as a possible remediation goal for total PAHs 

ER-M - effects range -median 
mg/kg - milligrams per kilogram 
PAHs - Polynuclear Aromatic Hydrocarbons 
mg/L -milligrams per liter 
PRO. Preliminary Risk-Bared Remediadon Goal 

HI. Hazard Index 
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TABLE 3-29 

SELECTION OF REMEDIATION GOALS 
FOR CONTAMINANTS OF POTENTIAL CONCERN 

SITE 18 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Surface Water Sediment 

Contaminant 
Human Health Ecological Re~~~~tion 

PRG (mg~) PRG (mg/L) GOal (mg,L) 
Basis 

Ecological Final 
Human Health 

PRG Remediation 
pRG (mg’kg) (mg/kg) Goal (mg/kg) 

Basis 

Inorganics 
Chronic BTAG 

Copper 
Iron 

-- 
-_ 

22.4 22.4 
-- -- 

Screening Level -- 270 270 ER-M 
-- 27,000 27,000 ER-M 

Notes: 

PRG - Preliminary Risk-based Remediation Goal 
mg/L - milligrams per liter 
mg/kg - milligrams per kilogram 
BTAG - Biological Technical Assistance Group 
ER-M - Effects Range-Median 



TABLE 330 

SELECTION OF REMEDIATION GOALS 
FOR CONTAMINANTS OF POTENTIAL CONCERN 

SSA 14 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Contaminant 
Human Health Ec;r Final 

Remedtation 
pRG (mdkg) (mg/kg) Goal (mg/kg) 

Basis 

I 
I Human Health 

Total Carcinogenic PAHs”’ 
Explosives 

Hh4x 
Inorganics 

6.65 

26,259 

-- 

8.6 

6.65 

8.6 

1 x 10” 

Ecological 
Fox Model 

Human Health 
Aluminum 

Arsenic 

3,052,569 -- 3,052,569 HI 

3.11 
Human Health 

-_ 3.11 1 x 10” 
Human Health 

Barium 

Chromium 

213,680 

15263 

4 213680 

-_ 15263 

HI 
Human Health 

HI 

Ecological 

I __ 1 1.48 I 1.48 I Robin Model 

I Human Health 
Iron 915,771 -- 915,771 

Lead m. 1.91 1.91 

HI 
Ecological 

Robin Model 
Human Health 

Notes: 

PRG - Preliminary Risk-based Remediation Goal 
mg/kg - milligrams per kilogram 
PAHs - Polynuclear Aromatic Hydrocarbons 
HI - Hazard Index 

Manganese 

Mercury 

Thallium 

39,895 

__ 

244 

-- 39,895 

0.06 0.06 

-_ 244 

HI 
Ecological 

Robin Model 
Human Health 

HI 
Human Health 

Vanadium 21,368 -- 21,368 

Zinc .- 88 88 

HI 
Ecological 

Robin Model 



TABLE 3-31 

Sediment 

FRG @gk) Basis 

__ -- 

SUMMARY OF FINAL REMEDIATION GOALS AND CONTAMINANTS OF CONCERN 
SITE 2 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

_- I -- 

Notes: 

FRG - Final Remediation Goal 

mg/kg - milligrams per kilogram 

mgh - milligrams per liter 

PAHs - Polynuclear Aromatic Hydrocarbons 

TSCA - Toxic Substances Control Act 

ER-M - Effects Range-Median 



TABLE 3-32 

SUMMARY OF FINAL REMEDIATION GOALS 
SITE 8 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Surface Soil Groundwater 

Contaminant of Concern FRG (mg/kg) Basis FRG (mg/L) Basis 

Organics 
Human Health 

Total Carcinogenic PAHs 

l,l-Dichloroethene 
PCBs 

1 x 1o-s 

-- 
Human Health 

1 x 1W6 

Aroclor-1260 

TCSA Residential 
Action Level 

-- -- 

Explosives I -- 

Human Health 

4-Amino-2,6-Dinitrotoluene 

RDX 

-- 

5.5 

-- 

Human Health 

x 1o-6 1 

160 

90 

HI 
Human Health Human Health 

1 x 1o-6 

Lead 
Mercury 

16.7 Anthropogenic -- 
Background 

0.05UL - 0.07 Detection Limit -- -- 

Zinc 
8X 

Ecological 
Robin Model -- __ 

Notes: 

FRG - Final Remediation Goal 

PAHs - Polynuclear Aromatic Hydrocarbons 

mgikg - milligrams per kilogram 

mg/L - milligrams per liter 

TSCA - Toxic Substances Control Act 



TABLE 3-33 

SUMMARY OF FINAL REMEDIATION GOALS AND CONTAMINANTS OF CONCERN 
SITE 18 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Notes: 

FRG - Final Remediation Goal 

mg/L - milligrams per liter 

mg!kg - milligrams per kilogram 

BTAG - Biological Technical Assistance Groups 



TABLE 3-34 
SUMMARY OF FINAL REMEDIATION GOALS 

AND CONTAMINANTS OF CONCERN 
SSA 14 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Contaminant of Concern 

Explosives 

HMX 

FRG Gwk) 

8.6 

Basis 

Ecological 
Fox Model 

Inorganics 

Copper 

,Lead 
~Mercury 

zinc 

7.3 

16.7 

0.06U - 0.09UL 

8X 

Anthropogenic 
Background 

Anthropogenic 
Background 

Detection Limit 
Ecological 

Robin Model 

Notes: 

FRG - Final Remediation Goal 

mg/kg - milligrams per kilogram 
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INORGANIC AR 

SAMPLE NO. 
DATE SAMPLED 
EXPLOSIVES (ucdkq) 
RDX 

8SBO6-00 
01 /I 8/97 

30000 

TOTAL INORGANICS (mdkg) 
LEAD 78.9 
MERCURY 0.75 L 
ZINC 179 J 

SAMPLE NO. 
DATE SAMPLED 

SAMPLE NO. 8SB07-OOD 
DATE SAMPLED 01/18/97 
SEMIVOLATILES (ug/kg) 
TOTAL CARCINOGENIC PAHs 3075 
TOTAL INORGANICS (mg/kg) 

LEAD 52.1 
MERCURY 0.68 L 
ZINC 94.8 J 

LEGEND 
85804 

- SOIL BORING 

& - STRUCTURE 

m - TREES 

- APPROXIMATE SITE 
BOUNDARY 

-. ..- - ORAINACE 

- -- APPROXIMATE AREA OF 
CONCERN BOUNDARY 

NOTE: CONTAMINANT OF CONCERN CONCENTRATIONS SHOWN IN 
TEXT BOXES EXCEEO THE FINAL REMEOIATION LEVELS. 

SOURCE: MILLER-STEPHENSON & ASSOC., NOV. 1997. 

1 inch = 30 ft. 
Baker Environmental, kc. 

FIGURE 3-3 
ORGANIC AND INORGANIC 

AREA OF CONCERN 
IN SURFACE SOIL 

SITE8 
NAVAL WfSPONS STATION YOIKTOW YORKTOWN, VlFK2NU 



_-’ 
1782 /’ 

_,.--’ 

0 

,,,/’ 
; 

,/ ,’ 

// ‘\ 
-A-P-PROXIMATE LOCATION \\ A 

v 64; 

iIlL SAMPLE NO. Al 4SBO2-00 
DATE SAMPLED 01/18/97 

&L 
TOTAL INORGANICS (mg/kq) 

8.5 

OF PIPE OUTLET 

AL 
A_____ 

SAMPLE NO. A 14SBO4-00 
___-.. . ..I ..~ ..-- __. _..- .-~~- .--- -...~ .___ ._ 

1.. DATE SAMPLED 
,/------ 

01/19/97 
_ TOTAL INORGANICS (mq/kq) 

--- F.+_ COPPER --- 20.5K 
- -.- -___ .--.-__ ___ LEAD 39.3 

-------. MERCURY 0.29 
ZINC 141J 

1 l\ 
50 100 \ 

74ws /N 1 inch = 100 ft. 
1% 

Baker Environmental, hc 

LEGEND 
Al 4’3802 

0 - SOIL BORING 
FIGURE 3-4 

AIL - MARSH ORGANIC AND INORGANIC AREA 
- DRAINAGE OF CONCERN 
- ;,;;ROXlMATE 

BOUNDARY 
IN SURFACE SOIL 

-- - APPROXIMATE AREA OF CONCERN BOUNDARY SSAI 4 
NOTE: CONTAMINANTS OF CONCERN CONCENTRATIONS SHOWN IN 

TEXT BOXES EXCEED THE FINAL REMEDIATION LEVELS. NAVAL WEAPONS STATION YORKTOWN 
‘URCE: LANTDIV, 1991. YORKTOWN, VIRGINIA 



4.0 IDENTIFICATION AND PRELIMINARY SCREENING OF REMEDIAL ACTION 

TECHNOLOGIES 

This section includes the identification and preliminary screening of remedial action technologies 

and process options that may be applicable to the remediation of the soil AOCs at Sites 2 and 8 and 

SSA 14. Specifically, Section 4.1 identifies a set of general response actions; Section 4.2 identifies 

remedial action technologies and process options for each general response action; and Section 4.3 

presents the preliminary screening of remedial action technologies and process options. The process 

option evaluation is presented in Section 4.4. 

4.1 General Rewonse Actions 

General response actions are broad-based, medium-specific categories of actions that can be 

identified to satisfy the remedial action objectives of an FS. Table 4-1 lists the general response 

actions applicable to the remedial action objective established for Sites 2, 8, and 18, and SSA 14. 

As shown on Table 4- 1, four general response actions have been identified: no action, institutional 

controls, containment, and removal/ treatment/ disposal. A brief description of these response 

actions follows. 

4.1.1 No Action 

The NCP requires the evaluation of the no action response action as part of the FS process. A no 

action response provides a baseline assessment for comparisons involving other FL4As that have a 

greater level of response. A no action alternative may be considered appropriate when there are no 

adverse or unacceptable risks to human health or the environment, or when a response action may 

cause a greater environmental or health danger than the no action alternative itself. 

4.1.2 Institutional Controls 

Institutional controls are various “institutional” actions that can be implemented at a site as part of 

a complete RAA to minimize exposure to potential hazards at the site. These controls are typically 

considered to be “passive” actions such as limiting exposure to contaminated groundwater by placing 

restrictions on the use of a groundwater aquifer system. 

4-l 



4.1.3 Containment 

Containment actions include technologies that contain and/or isolate contaminants by covering, 

sealing, chemically stabilizing, or providing an effective barrier against specific areas of concern. 

These actions also provide isolation and prevent direct exposure with or migration of the 

contaminated media without disturbing or removing the waste from the site. 

4.1.4 Removal/Treatment/l)isposal 

A typical general response action applicable to soil/sediment remediation involves a combination 

of removal, treatment, and/or disposal actions. Treatment actions (in situ and ex situ) for soil can 

include biological, physical/chemical, and thermal treatment methods. In situ treatments may result 

in production of process water or products from off-gas treatment systems. Ex situ treatments may 

result in process water, products from off-gas treatment systems or contaminated soil/sediment. 

These remediation end products may need to be disposed. Disposal may include on-site or off-site 

landfill options in addition to recycling options. 

4.2 Identification of Remedial Action Technolopies and Process Options 

In this step, a set of potentially applicable technologies and process options will be identified for 

each ofthe general response actions listed in the previous section. The term, “technology type” will 

refer to general categories of technologies such as physical/chemical, thermal, and biological. The 

term “process option” will refer to specific processes, or technologies, within each generalized 

technology type. For example, soil washing and solvent extraction are process options under the 

technology type known as physical/chemical treatment. Several technology types may be identified 

for each general response action, and numerous process options may exist within each generalized 

technology type. 

Remedial action technology types and process options that are potentially applicable at Sites 2, 8, 

and 18 or SSA 14 are listed on Table 4- 1 with respect to their corresponding general response action. 

(The technology types are listed in the column titled “Remedial Action Technology”.) The 

technologies and process options listed on Table 4-l do not represent a global list of all available 

soil or groundwater technologies/options. Instead the list includes a set of technologies/options that 

4-2 



may be applicable to soils contaminated with PAHs, PCBs, explosives, and/or inorganics. This 

focused list was developed based on information obtained from four sources: 1) a search of the 

USEPA’s Vendor Information System for Innovative Technologies (VISITT) data base; 2) the 

document, “Remediation Technologies Screening Matrix and Reference Guide” (DOD, 1994); 4) 

the document “Guidance on Remedial Actions for Superfund Sites with PCB Contamination” 

(USEPA, 199Oa); and a search of the Internet. Descriptions of each of these technologies/process 

options listed on Table 4-1 are presented below. 

4.2;~-= No Action 

The no action alternative will be considered at each of the sites (Sites 2, 8, and 18, and SSA 14). 

The no action response provides a baseline for comparison with other response actions. Under the 

no action response, the contaminated media at each site will be left in place. Passive remediation 

(i.e., natural attenuation) may occur, but will be unmonitored and unproven. No active remediation 

efforts will be taken at any of the sites. No other alternatives will be considered for Site 18 because 

no AOCs were identified for the site. 

4.2.2 Institutional Controls 

4.2.2.1 Fencing 

The fencing process option would include the installation and/or maintenance of security fencing 

and signs around the contaminated soil on the sites. Warning signs would be posted along the fence. 

The,fencing option would eliminate direct exposure to the contaminated soil at the site by reducing 

the potential for dermal contact with or ingestion of the soil. 

4.2.2.2 Land Use Restrictions 

Land use restrictions at Sites 2 and 8 and SSA 14 would require that the contaminated AOCs have 

permanent land use restrictions implemented that would limit future development of the site areas. 
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4.2.2.3 Monitoring 

Monitoring programs for soil, groundwater, surface water and/or sediment would be implemented 

at Sites 2 and 8 and SSA 14. The results of the sampling would be evaluated to determine if the 

contaminant concentrations within the sampled media are decreasing or if contaminants are 

migrating. 

4.2.3 Containment 

.- _ Z.-L 

4.2.3.1 Capping 

A capping process option (i.e., soil cover) is being considered for Sites 2 and 8 and SSA 14. The 

soil cover would consist of placed and compacted soil fill, with topsoil and vegetation on top of the 

compacted fill. The cover would reduce the potential for direct exposure to the contaminated soil 

in this area. 

4.2.3.2 Solidification/Stabilization 

Solidification/stabilization reduces the mobility of hazardous substances in soil using physical and 

chemical methods. A hardening agent (e.g., cement) is mixed or injected into the contaminated soil. 

The agent fixes the contaminants in the soil. Leachability testing is typically performed to ensure 

that the contaminants are no longer mobile. This process is applicable to inorganic contamination 

but has limited effectiveness on SVOCs. 

4.2.4 Removal - Excavation 

Excavation is a method for removing contaminated soil using conventional heavy construction 

equipment such as backhoes, cranes, bulldozers, and loaders. A typical practice is to excavate and 

remove contaminated “hot spots” and to employ other remedial technologies for less contaminated 

soils. With respect to Sites 2 and 8 and SSA 14, the soil within the contaminated AOCs could be 

excavated and then treated (on site or off site) or sent off site for disposal. 
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4.2.5 Treatment - Biological 

4.2.5.1 Landfarming 

Landfarming is a full-scale bioremediation technology in which contaminated media are applied onto 

the soil surface and periodically turned over or tilled into the soil to aerate the waste. Although 

landfarming is usually performed in place, landfarming systems are increasingly incorporating liners 

and other methods to control the leaching of contaminants. Additional controls usually require 

excavation and placemen&of .csntminated-soil. (DOD, 1994). Figure 4-l shows a typical 

landfarming treatment system. Landfarming has been used for the treatment of explosives, PAHs, 

and PCBs. This process is not anticipated to be very effective for inorganics. 

4.2.5.2 Compostinq 

Composting is a controlled biological process by which biodegradable hazardous materials are 

converted by microorganisms to innocuous, stabilized by-products, typically at elevated temperatures 

in the range of 120” F to 130” F. The increased temperatures result from heat produced by 

microorganisms during the degradation of the organic material in the waste. In most cases, this is 

achieved using indigenous microorganisms. Soils are excavated and mixed with bulking agents and 

organic amendments such as wood chips, paper, leaves, and animal and vegetative wastes. The 

bulking agent serves as a source of carbon, nutrients, or microbes, in addition to increasing the 

porosity of the soil to be treated. Maximum degradation efficiency is achieved by maintaining 

moisture content, pH, oxygenation, temperature, and the carbon-to-nitrogen ratio (DOD, 1994). 

After composting, the material is typically cured for additional time. During the period, additional 

decomposition as well as stabilization, pathogen destruction, and degassing take place 

(Weston, 1988). The decomposed waste is reduced in weight and volume, and the process produces 

a stabilized material that can be used as backfill. Composting has been used for the treatment of 

explosives, PAHs, and PCBs. Certain microorganisms can be added to the compost which are 

known to biodegrade ortransform certain inorganics including arsenic, selenium, lead, and mercury. 

Composting is similar to landfarming in that it relies on the destruction of organic compounds 

through microbial metabolism. Composting methods fall into three categories: aerated static-pile; 

mechanically agitated in-vessel; and windrow. In static-pile composting, contaminated material is 
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excavated, placed in a pile(s) under protective shelter, and mixed with readily degradable carbon 

sources. The pile undergoes forced aeration (blowers or vacuum pumps) to maintain aerobic and 

thermophilic conditions, which foster the growth of microorganisms. Bulking agents, such as cow 

manure and vegetable waste and/or wood chips, can be added to enhance biodegradation. Figure 4-2 

shows a typical aerated static pile schematic. 

In mechanically agitated in-vessel composting, contaminated material is aerated and blended with 

carbon-source materials in a mechanical composter. These devices have been used at municipal 

sewage treatment-facil&iea-and apphedto- explosives waste. 

Windrow composting is similar to static-pile composting except that compost is placed in long piles 

and periodically aerated (mixed) with mobile equipment, rather than a forced air system 

(USEPA, 1993 and DOD, 1994). 

4.2.5.3 Aaueous-Phase Bioreactor (Bioslurrvl 

Two types of aqueous-phase bioreactors are discussed below: lagoon slurry reactor and aboveground 

slurry reactor. Aqueous-phase bioreactors have been used for the treatment of explosives, PAHs, 

and PCBs. This process would not be applicable to inorganics. 

Lagoon Slurrv Reactor 

The lagoon slurry reactor is an aqueous-phase system which allows contaminants to remain in a 

lagoon, be mixed with nutrients and water and degrade under anaerobic conditions. The lagoon 

slurry reactor is still in the developmental stage. A typical lagoon slurry reactor is shown on 

Figure 4-3. These reactors can provide good process control, can be configured in several treatment 

trains to treat a variety of wastes, and potentially can achieve very low contaminant concentrations. 

A drawback to the bioreactors is that they accumulate the products of biotransformation, unlike 

composting which bind the contaminants to humic material (DOD, 1994). 
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Abovewound Shrrv Reactor 

,F- 

Slurry phase biological treatment involves the controlled treatment of excavated soil in a bioreactor. 

The excavated soil is first processed to physically separate stones and rubble. The soil is then mixed 

with water to a predetermined concentration dependent upon the concentration of the contaminants, 

the rate of biodegradation, and the physical nature of the soils. Some processes pre-wash the soil 

to concentrate the contaminants. Clean sand may then be discharged, leaving only contaminated 

fines and wash water to biotreat. Typically, the slurry contains from 10 to 40 percent solids by 

weight. The soil is maintained in suspension ina reactor vessel and mixed with nutrients and 

oxygen. The slurry is mixed to keep solids suspended and microorganisms in contact with the soil 

contaminants. If necessary, an acid or alkali may be added to control pH. Microorganisms also may 

be added if a suitable population is not present. Upon completion of the process, the slurry is 

dewatered and the treated soil is disposed. Dewatering devices that may be used included clarifiers, 

pressure filters, vacuum filters, sand drying beds, or centrifuges (DOD, 1994). 

The aboveground slurry reactor (or bioslurry reactor) is either constructed on site or mobilized on 

site as a package system. A schematic of a typical aboveground slurry reactor is shown on 

Figure 4-4. Like the lagoon slurry reactors, the bioslurry reactors can provide good process control; 

can be configured in several treatment trains to treat a variety of wastes; and potentially can achieve 

very low contaminant concentrations. A drawback to the bioreactors is that they accumulate the 

products of biotransformation, unlike composting which bind the contaminants to humic material 

(DOD, 1994). 

4.2.5.4 Solid -Phase Biocell Reactor 

Solid-phase biocell reactors can be used to treat contaminated soil. This process is a controlled 

solid-phase biological treatment in which excavated soils are mixed with soil amendments and 

placed in above ground enclosures. The technology/process option involves excavation of 

contaminated soil, screening to remove larger debris, and then loading of the soils into the biocells. 

This process can be described as “bioventing in a can”. Once the soil is loaded into the biocell, little 

or no mixing is provided. Mixing operations may be performed by periodic use of a vertical auger 

mounted from above the cell (WES, 1995). 
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Biocells are operated in a true batch mode much like composting. The soil is added into the biocell 

without slurrying. Instead the soil is simply dumped into the cell and aeration is initiated to 

stimulate the aerobes. In some cases, if the soil has a very low hydraulic conductivity, sand or other 

bulking agents may be added. Low hydraulic conductivity hinders transport of air and water 

(WES, 1995). Figure 4-5 shows a typical solid-phase biocell reactor schematic. Solid-phase 

bioreactors have been used for the treatment of explosives, PAHs, and PCBs. This process would 

not be applicable to inorganics. 

4.2.5.5 In Situ Bioremediation .- 

Bioremediation is a developing technology that uses microorganisms to degrade organic 

contaminants into less hazardous compounds. In situ bioremediation uses existing indigenous or 

cultivated strains of bacteria to biodegrade compounds in the soil. Precise control of the biological 

processes is not feasible because the processes occur under the ground surface. The biological 

processes can be accelerated by the addition of air, nutrients or additional bacteria strains. The 

nutrients can be injected with vertical or horizontal wells that stimulate the growth of the microbes. 

The system can be combined with soil vapor extraction to strip the more easily removed and more 

highly concentrated contaminants out of the soil. Figure 4-6 shows a typical in situ bioremediation 

schematic. 

4.2.5.6 White Rot Fungus 

White rot fungus has been reported to degrade a wide variety of organopollutants by using their 

lignin-degrading or wood-rotting enzyme system. A white rot fungus system may be conducted in 

a bioreactor with moisturized air and wood chips added. Temperature within the biocell is 

controlled. The optimum temperature for biodegradation with lignin-degrading fungus ranges from 

86” F to 100” F. The heat of the biodegradation reaction helps to maintain the temperature of the 

process near the optimum (DOD, 1994). A typical schematic for the white rot fungus is shown on 

Figure 4-7. White rot fungus has been used to treat soils contaminated with explosives, PAHs and 

PCBs. This process is not applicable to inorganics. 
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4.2.5.7 Monitored Natural Attenuation 

The term natural attenuation refers to naturally occurring processes that occur in groundwater 

without the assistance of engineered systems to reduce contaminant mass, toxicity, mobility, volume, 

or concentration of contamination. The natural attenuation of contaminated groundwater occurs as 

the result of destructive and nondestructive subsurface mechanisms. Biodegradation, reduction of 

contamination to innocuous byproducts by microbes, is the most important destruction mechanism, 

although abiotic destruction, chemical reduction (or oxidation) of contamination to irmocuous 

byproducts does occur33xtensivemonitoring and analysis would be required to show that natural 

attenuation is occurring. Monitoring for natural attenuation encompasses a range of analytic 

parameters that include the contaminants of concern. This process has been used for explosives, 

PAHs and PCBs. This process would not be applicable to inorganics. 

4.2.6 Treatment - Physical/Chemical 

4.2.6.1 Solvent Extraction 

Solvent extraction is a physical/chemical treatment in which waste and solvent are mixed in an 

extractor, dissolving the organic contaminant into the solvent. The extracted organics and solvent 

are then placed in a separator, where the contaminants and solvent are separated for treatment and 

further use. Solvent extraction does not destroy wastes, but is a means of separating hazardous 

contaminants from soils, thereby reducing the volume of the hazardous waste that must be treated. 

The technology uses an organic chemical as a solvent and differs from soil washing, which generally 

uses water or water with wash-improving additives. Commercial-scale units are in operation; they 

vary in regard to the solvent employed, type of equipment used, and mode of operation (DOD, 1994). 

A typical solvent extraction process schematic is shown on Figure 4-8. Solvent extraction is 

applicable to soil contaminated with explosives and PCBs. 

Solvent extraction is commonly used in combination with other technologies - 

solidification/stabilization, incineration, soil washing - depending upon site-specific conditions. It 

can also be used as a stand-alone technology in some instances. The treated media are usually 

returned to the site after having met Best Demonstrated Available Technology (BDAT) and other 

standards (DOD, 1994). 
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4.2.6.2 Chemical Oxidation/Reduction 

Chemical oxidation increases the oxidation state of an atom by removing electrons or adding oxygen 

to the atom. Oxidation may cause a substance to be transformed, degraded, or immobilized in soil. 

Oxidation reactions within the soil matrix may occur through management of the natural processes 

in a soil or through addition of an oxidizing agent to the soil complex (USEPA, 1990b). 

Chemical reduction is a process in which the oxidation state of an atom is decreased. Reducing 

-Z..=++gents at-e-electron donors, and reduction is accomplished by the addition-of electrons to the atom. ._.. ,- 

Reduction of chemicals may occur naturally within the soil system. Certain compounds are more 

susceptible to reduction than others because they will accept electrons. The addition of reducing 

agents to soil to degrade reducible compounds can be used as a physical/chemical treatment 

technology (USEPA, 1990b). A typical chemical oxidation/reduction process is shown on 

Figure 4-9. Chemical reduction and oxidation processes are applicable to soil contaminated with 

inorganics and possibly PAHs. 

4.2.6.3 Solvated Electron Technolopv 

A solvated electron process which is under development by Teledyne-Commodore, LLC, has 

achieved 99.999 percent destruction efficiency of TNT and tetryl. The process is also being tested 

on PCBs. Contaminated media are fed into a stainless steel reactor and mixed with the solvated 

electron solution. For explosives, the actual conversion to inert compounds takes place within 

several minutes of contact with the contaminated media. The solvated electron solution is made by 

dissolving an alkaline metal, such as sodium, potassium, lithium or calcium, in anhydrous ammonia. 

The resulting solution has a high density of unbounded electrons (solvated electrons) which has high 

conductivity and is a strong reducing agent. The solution breaks the bonds between unlike non- 

metals and halogenated species producing salts of the solute metal and all halogen bonds. Many 

sulfur, nitrogen, phosphorus and arsenic bonds are also broken. The products are separated from the 

solution by evaporating the ammonia, which is recovered and recycled. The other products are 

disposed. Small volumes of hydrogen and C,-C, hydrocarbon gases may be formed. Traces of ionic 

cyanide may be produced but can be treated through oxidation. The process takes place at room 

temperature and pressures required to keep the ammonia in liquid form (140 pounds per square inch) 
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(Kumar, Woosley and Johnson, 1997). Figure 4-10 shows a schematic for the solvated electron 

technology process. 

4.2.6.4 Soil Washing 

Soil washing is a water-based process for scrubbing soils ex situ to remove contaminants. 

Contaminants sorbed onto fine soil particles are separated from bulk soil by particle size in an 

aqueous-based system. The wash water may be augmented with a basic leaching agent, surfactant, 

pH adjuster, or chelating agent to help remove organics and heavy metals. The process removes 

contaminants in one of two ways: 1) by dissolving or suspending them in the wash solution, which 

is later treated by conventional wastewater treatment methods. 2) by concentrating them into a 

smaller volume of soil through particle size separation, gravity separation, and attrition scrubbing 

techniques, similar to those used in sand and gravel operations. (DOD, 1994). A typical soil washing 

schematic is shown on Figure 4- 11. Soil washing is applicable to soil contaminated with explosives, 

PAHs and inorganics. 

A soil washing procedure, called the Lurgi Process, is being developed in Germany. In the Lurgi 

Process, contaminated soil is excavated and processed in an attrition reactor, which detaches the 

explosive material from the soil particles. The remaining material undergoes a second process, 

which separates clean from contaminated particles. Clean particles are dewatered, separated into 

heavy and light materials, and returned to the site. Contaminated particles undergo a final series of 

washing, separation, and chemical extraction processes to remove any remaining clean particles. 

Finally, the contaminated material is clarified and concentrated before being disposed or treated 

(DOD, 1994). 

4.2.6.5 Leaching/Recoverv 

A leaching/recovery process is being developed for remediation of soils, dust, sludge or sediment 

contaminated with lead. The process can also be modified to remediate soils contaminated with 

cadmium, copper, mercury, and zinc. Physical separation (dry screening) can be used to separate 

the fines from the oversized material. Lead often adheres to the fine portion of soils. The fines (and 

sands if they are contaminated) are then treated with a leachate to dissolve the adsorbed lead or other 

heavy metals. The metal ions are then recovered from the leachate by a process that is appropriate 
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p-, for the metal being recovered. The leachant can be reused after the metals are recovered. The final 

products of the process are treated soil, recovered metal, and leachant. No waste products are 

generated and the treated soil can be returned to the site. A process flow diagram is presented in 

Figure 4-12. Other leaching processes have been developed for other inorganics as well. 

4.2.7 Treatment - Thermal 

4.2.7.1 Incineration 

Incineration processes can be used to treat organic and inorganic-contaminated soil. Incineration 

processes involve high temperatures used to combust (in the presence of oxygen) organic 

constituents in hazardous wastes. The destruction and removal efficiency for properly operated 

incinerators exceeds the 99.99 percent requirement for hazardous waste (DOD, 1994). 

Contaminated soil can be sent to an off-site incinerator or treated with a mobile, on-site unit. 

The rotary kiln incinerator can be used to treat organic-contaminated soil. Soil is fed into a primary 

combustion chamber, or rotary kiln, where organic constituents are destroyed. The temperature of 

gases in the primary chamber ranges from 800” to 1,200” F, and the temperature of soil ranges from 

600” to 800” F. Retention time in the primary chamber, which is varied by changing the rotation 

speed of the kiln, is approximately 30 minutes. Off gases from the primary chamber pass into a 

secondary combustion chamber, which destroys any residual organics. Gases from the secondary 

combustion chamber pass into a quench tank where they are cooled from approximately 3,600” to 

4000” F. From the quench tank, gases pass through a Venturi scrubber and a series of baghouse 

filters, which remove particulates prior to release from the stack. The treated product of rotary kiln 

incineration is ash (or treated soil), which drops from the primary combustion chamber after organic 

contaminants have been destroyed. This product is routed into a wet quench or a water spray to re- 

moisturize it, then transported to an interim storage area pending receipt of chemical analytical 

results (DOD, 1994). Figure 4- 13 shows a typical mobile incineration process. 

4.2.7.2 Low Temperature Thermal Desorntion 

Low temperature thermal desorption (LTTD) systems are physical separation processes and are not 

designed to destroy contaminants, but instead volatize them. Wastes are heated to 200” to 600” F 

4-12 



to volatilize water and organic contaminants. A carrier gas or vacuum system transports volatilized 

water and organics to the gas treatment system. The bed temperatures and residence times designed 

into these systems will volatilize selected contaminants but will typically not oxidize them. LTTD 

is a full-scale technology that has been proven successful for remediation of petroleum hydrocarbon 

contamination in all types of soil. Contaminant destruction efficiencies in the afterburners of these 

units are greater than 95 percent. Decontaminated soil retains its physical properties and ability to 

support biological activity (DOD, 1994). 

Two common thermal desorption designs are the rotary dryer and thermal screw. Rotary dryers are 

horizontal cylinders that can be indirect or direct fired. The dryer is normally inclined and rotated. 

For the thermal screw units, screw conveyors or hollow augers are used to transport the medium 

through an enclosed trough. Hot oil or steam circulates through the auger to indirectly heat the 

medium. Particulates are removed by conventional particulate removal equipment, such as wet 

scrubbers or fabric filters. Contaminants are removed through condensation followed by carbon 

adsorption, or they are destroyed in a secondary combustion chamber or a catalytic oxidizer. Most 

of these units are transportable (DOD, 1994). A process schematic for LTTD is shown on 

Figure 4-14. 

4.2.7.3 Two-Phase Medium Temperature Thermal Desorption 

A two-stage medium temperature thermal desorption process has been designated by the USEPA as 

BDAT for the treatment of mercury-contaminated materials (including soils). Because the process 

also results in the recovery of mercury (99 percent pure metallic form suitable for directly refining 

and recycling), it is actually classified as “recycling” rather than “waste treatment”. Therefore, the 

process is exempt from air and solid waste permitting requirements. The process steps include: 1) 

attaining consistent particle size (through crushing or shredding if necessary); 2) blending with an 

additive to break down oxides, sulfides and chlorides, and prevent gaseous sulfur and chlorine 

compounds from mixing with exhaust gas; 3) removal of moisture by low temperature heating; 4) 

vaporization of mercury by high temperature heating; 5) condensation of mercury (returned to 

metallic state); and 6) cleaning off-gas with carbon columns. A process flow diagram for this 

technology is shown in Figure 4-l 5. 
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The process equipment has been demonstrated at a pilot scale and has operated commercially from 

a truck-mounted mobile unit with a capacity of 12 tons/day. Mercury contaminated soils have been 

treated from a starting concentration of 15,000 mg/kg to a final concentration of 0.07 mg/kg in sandy 

soil. No waste products are produced by this process, and treated soil can be placed back at the site. 

Organic contaminants in low concentrations do not affect the process. Permitting for higher organic 

concentrations may be an issue; however, because the treatment process is only permitted for 

mercury removal. Further, if heavy metals are in the soil and fail Toxic Characteristic Leaching 

Procedure (TCLP) analyses, the soil will have to go through further treatment for those 

contaminants. 

4.2.7.4 High Temperature Thermal Desorption 

Ex situ High Temperature Thermal Desorption 

High temperature thermal desorption (HTTD) is a process which heats wastes from 600°F to 1,OOO”F 

to volatize water and organic contaminants. Because bed temperatures and residence times volatize 

but do not oxidize the organics, the organics are not destroyed, but are separated from the 

contaminated soil A carrier gas or vacuum system brings the volatized contaminants to the gas 

treatment system. PAHs are a target contaminant of HTTD process. The process also removes 

volatile metals. 

In situ Hiah Temperature Thermal Desorption 

High temperature thermal desorption can also be achieved in situ. A remediation company, 

TerraTherm, has a Thermal Blanket system which was specifically designed to remediate surficial 

and shallow contamination up to three feet deep. The Thermal Blanket is made up of an 8-foot by 

20-foot steel box suspended by stainless steel webbing which is threaded by heating element rods. 

Soil temperatures can reach 1,OOO”F. The blankets can be operated side-by-side simultaneously. The 

vapors are sucked into a vapor treatment system where they are oxidized or adsorbed by activated 

carbon adsorber. A typical in situ high temperature thermal desorption schematic is shown on 

Figure 4-16. 
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4.2.7.5 Pyrolysis 

Ideally, pyrolysis is a process which chemically decomposes organic materials by heat in the absence 

ofoxygen. The actual process occurs under less than stoichiometric conditions. Thermal desorption 

also occurs if SVOCs are present. Target contaminants for pyrolysis are SVOCs and pesticides. 

This technology has been shown to remediate PAH-contaminated material. Pyrolysis will not 

destroy or separate heavy metals but may remove volatile metals. Pyrolysis occurs under pressure 

and temperatures above 800°F. Off gases need to be treated. A typical pyrolysis process is shown 

on Figure 4- 17. -..-.- ..-.- ,,_----- _ 

4.2.7.6 Thermallv Enhanced Vapor Extraction 

Soil vapor extraction can more effectively remove heavier compounds if the soil is heated. Heating 

increases the mobility of the volatiles to facilitate extraction. Energy for heating can be supplied in 

situ with power line frequency (PLF) heating, or with radio frequency (RF) generators, that are 

inserted into the ground. PLF can raise soil temperatures to about 100°C and requires residual soil 

water as a conductive path. RF heating does not require residual soil water as a conductive path. 

RF heating works by applying an electromagnetic field that distorts the molecular structure of the 

soil. The distortion is transformed into mechanical and then thermal energy. RF heating is faster 

than convective or conductive methods of heating the soil and can raise the soil temperature to about 

250°C. PLF and RF heating techniques can be combined in one system. 

Several other methods of heating contaminated soil are being developed. Dynamic underground 

stripping is a combination of steam injection and electric heating. Six-phase soil heating heats the 

soil with six electric phases through electrodes placed in a circle. Finally, steam and hot air can be 

injected as a means of heating the soil. Figure 4- 18 shows a schematic of a typical soil vapor 

extraction system enhanced by steam/hot air injection. 

The effectiveness of each method of soil heating varies with the characteristics of the soil, 

characteristics of the contaminants, and water content of the soil. 
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4.2.7.7 Vitrification 

In situ Vitrification 

In situ vitrification involves an electric current that melts contaminated soil at extremely high 

temperatures (1,600 to 2,OOO”C). Melting the soil destroys most organics by pyrolysis. Inorganics 

are immobilized within the vitrified residual product. Water vapor and organic combustion products 

are captured in a hood over the site that conveys the contaminants into an off-gas treatment system. 

The off-gas treatment system may involve scrubbing, filtering, andactivated-carbon adsorption. The 

vitrification process reduces contaminant volume by 20 to 45 percent. The end product is a 

chemically stable, leach resistant, glass/crystalline material. Figure 4-19 shows a typical in situ 

vitrification system. The in situ mass of vitrified material could limit future use of the area that is 

treated. 

Ex situ Vitrification 

Ex situ vitrification encapsulates contaminants in a glass-like matrix in the same way that in situ 

vitrification does. However, the contaminated soil is excavated and vitrified in batches in 

electrically heated arc furnaces or in coal-fired cyclone combustors. Coal ash can act to enhance the 

strength of the final vitrified product. Because the vitrified mass is not in situ, the future use of the 

land is not limited. Organic contaminants are destroyed because of the high temperatures that are 

reached. The target contaminants are metals and radionuclides. Fluxing agents can be added to the 

excavated soil to improve the strength of the final vitrified mass. The vitrified material may be 

quench-cooled or air-cooled. Quench-cooled masses may be more easily fractured. Off-gas 

treatment is required if volatile contaminants are present. The resulting vitrified product, or slag, 

must be used or disposed. Figure 4-20 shows a schematic of a typical ex situ vitrification process. 

4.2.8 Disposal 

4.2.8.1 Permitted Landfill 

Disposing of contaminated or treated material at a permitted off-site disposal facility is a common 

technology. Some pretreatment of contaminated material usually is required in order to meet land 
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disposal restrictions. The generator of the disposed soil/waste is still responsible for the material 

since disposal is not a treatment option. The availability and limitations of a landfill must be 

evaluated prior to the selection of this technology. 

4.2.8.2 Reuse/Recvcle 

Soil can sometimes be reused or recycled. Depending on the contaminants, the soil may be burned 

for fuel. Another option is that treated soil can be reused for backfill. 

4.3 Preliminary Screeniw of Remedial Action Technologies and Process Options 

In this step, the set of remedial action technologies and process options identified in the previous 

section will be screened (or reduced) by evaluating the technologies with respect to technical 

implementability and site-specific factors. This screening step is accomplished by using readily 

available information from the RI (with respect to contaminant types, contaminant concentrations, 

and on-site characteristics) to screen out technologies and process options that cannot be effectively 

implemented at the sites (USEPA, 1988). In general, all technologies and process options that 

appear to be applicable to the site contaminants and to the site conditions will be retained for further 

evaluation. 

The preliminary screening results are presented on Table 4-2. Several technologies and/or process 

options were eliminated from further evaluation following the preliminary screening. The specific 

reasons for elimination are provided in the column titled “Contaminant/Site-Specific Applicability” 

on Table 4-2. As shown on the table, the following technologies/process options were eliminated 

from further evaluation: 

l stabilization/solidification 

0 in situ bioremediation 

0 thermally enhanced vapor extraction 

0 in situ vitrification 
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4.4 Process Option Evaluation 

The objective of the process option evaluation is to select only one process option for each 

applicable remedial technology type to simplify the subsequent development and evaluation of 

alternatives without limiting flexibility during remedial design. More than one process option may 

be selected for a technology type if the processes are sufficiently different in their performance such 

that one option would not adequately represent the other. The representative process option provides 

a basis for developing performance specifications during preliminary design. However, the specific 

process option used to implement the remedial action may not be selected until the remedial design 

phase. 

The process options that passed the preliminary screening (Table 4-2) were evaluated based on three 

criteria: effectiveness, implementability, and relative cost. The effectiveness evaluation focused on 

the potential effectiveness of process options in meeting the remedial action objective, the potential 

impacts to human health and the environment during the construction and implementation phase, and 

how reliable the process is with respect to the COCs. The implementability evaluation focused on 

administrative feasibility of implementing a technology (e.g., obtaining permits), since the technical 

implementability was previously considered in the preliminary screening. Order-of-magnitude 

capital and operating and maintenance (O&M) costs were used instead of detailed estimates. The 

costs were qualified as high, medium, or low. As per the USEPA guidance, the relative cost analysis 

was made on the basis of engineering judgement. 

Table 4-3 presents a summary of the process option evaluation. The technologies/process options 

that were eliminated from further evaluation based on the process option evaluation include: 

0 capping (Site 2 only) 

0 composting 

0 solid-phase biocell reactor 

0 white rot fungus 

l monitored natural attenuation 

0 solvent extraction 

l solvated electron technology 

0 incineration 
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0 low temperature thermal desorption 

0 medium temperature thermal desorption 

0 high temperature thermal desorption 

l pyrolysis 

0 ex situ vitrification 

Table 4-4 lists the remedial technologies/process options that have been retained and will be used 

to develop the RAAs applicable for each site individually. 

._.-. 
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TABLE 4-l 
PRELIMINARY SCREENING OF SOIL REMEDIATION TECHNOLOGIES 

SITES 2,8, AND 18, AND SSA14 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

General Response Action 
I 

Remedial Action Technology Process Option 

Eliminated from further evaluation 

Low Temperature Thermal 
Desorption 

Medium Temperature 

1 High Temperature Thermal 1 
Thermal Desorption Process 

Desorption 
Thermally Enhanced Vapor 

1 

Extraction 
Pyrolysis 

I Vitrification I 



TABLE 4-2 

PRELIMINARY SCREENING OF SOIL REMEDIATION TECHNOLOGIES 
SITES 2,8, AND 18, AND SSA 14 

NAVAL WEAPONS STATION YORKTOWN ‘8 

YORKTOWN, VIRGINIA 

General Response Action Remedial Action Technology Process Option Site-Specific Applicability 

Eliminated from further evaluation 



Potentially aoolicable for exolosives. PAHs. and PCB: 

TABLE 4-2 (Continued) 

General Response Action 

PRELIMINARY SCREENING OF SOIL REMEDIATION TECHNOLOGIES 
. SITES 2,s AND 18, AND SSA 14 

NAVAL WEAPONS STATKON YORKTOWN 
YORKTOWN, VIRGINIA 

Remedial Action Technology Process Option Site-Specific Applicability 

U”‘“(ILC” L,,CCL,“,, 
Technology ~1 

L- 
3 

Soil Washing , .A 1 1 I y -tics - -! Thermal 

Potentially applicable for explosives and PCBs 

Potentially applicable for inorganics 

Fotentiallv auohcable for exolosives. PAHs. and inorzar 

Chemical Reduction/ 
Oxidation 

Cnl..^tnA Dlnrh,... 

Potentially applicable for inorganics and possibly PAHs 

Low Temperature Thermal 
Desorption 

Medium Temperature 
Thermal Desorption 

High Temperature Thermal 
Desorption 

Potentially applicable for explosives, PAHs, and PCBs 

Potentially applicable for PAHs, mercury, and PCBs 

Potentially applicable for mercury 

Potentially applicable FAHs and PCBs 

Pyrolysis Potentially applicable for PAHs 

Potentially applicable for all COCs 

Potentially applicable for all remediated soils 



I) 

Institutional Controls 

Monitoring Not Applicable 

TABLE 4-3 

PROCESS OPTION EVALUATION 
SITES 2,8, AND 18, AND SSA 14 

WPNSTA YORKTOWN, YORKTOWN, VIRGINIA 

Effectiveness 

* Not effective 

Evaluation Order-of-Magnitude 
Implementability costs 

- Easily implemented * No Costs 

Evaluation 
Result 

Retained 

l Effective for limiting human 
access 

l Not effective for limiting all 
types of ecological access 

- Easily implemented - Low Capital Cost 
l Low O&M Cost 

Retained 

* Effective for limiting future 
development at the site 

* Land development 
restrictions already in place 
at Sites 2,8 and SSA14 

* Negligible Cost 
Retained 

* Shows progress of any natural l Easily implemented l Low Capital Cost 
attenuation * Moderate O&M Cost Retained 

l Shows progress of any remedial 
action 

l Tracks migration of contaminants 
I 

l Prevents direct contact with 
contaminated soils 

* Contaminants still present in soil 

* Standard construction 
equipment required 

* Drainage would have to be 
diverted to prevent erosion 

* Low to Moderate 
Capital Cost 

* Low O&M Cost 

Retained for Site 
8 and SSA 14. 
Eliminated for 
Site 2, due to the 
location of the 
contaminants at 
the site. 

Eliminated from further evaluation. 



. 
. 

. . 

. . 
. 

. 
. 

. 
. . 

. 
. 

. . 
. 

T 



General Response Remedial Action 
Action Technology 

TABLE 4-3 (Continued) 

PROCESS OPTION EVALUATION 
SITES 2,8, AND 18, AND SSA 14 

WPNSTA YORKTOWN, YORKTOWN, VIRGINIA 

Soil Washing 

--/ Leaching/Recovery w 

Effectiveness 

l Target contaminant groups include PCBs, 
VOCs, solvents, and petroleum wastes; less 
effective for other groups 

* Does not destroy wastes but is a means of 
separation 

* Less effective on very high molecular weight 
organics and very hydrophilic substances 

Evaluation 
Implementability 

* Mobile units available 

I f 

Order-of-Magnitude Evaluation 
costs Result 

* Moderate Ca ital Cost Eliminated; soil 
l Moderate 0 B M Cost washing is 

similar and 
typically less 
expensive. 

* Target contaminant group is inorganics and 

P 
ossibly PAHs; less effective for other groups 

* ncomplete oxidation of the formation of 
intermediate contaminants may occur 
depending upon the contaminants and 
oxidizing agents 

l Target contaminants include halogenated 
organic wastes, PCBs, explosives, and 
propellants 

* Process takes place with low temperatures 
and pressures 

l Achieved 99.999% destruction efficiency 
TNT and tetryl 

l Full-scale, well-established 
systems now being used 
more frequCntly for 
hazardous wastes in soil 

! 
1 

* Off-the-shklf equipment 
and procese chemicals 
are used 

* Products require disposal 
and/or treatment 

* Very short residence time 
per batch (15 minutes) 

l Moderate Capital Cost Eliminated 
* PO; to Moderate O&M 

l Moderate Capital Costs Eliminated;, 
technolo * pzsp to High O&M 
pilot-sc e aPa 
develo ment 
stage ( P 00 to 200 
~;cI;I batch 

l Target contaminant groups include SVOCs, * Concentrated fine fraction * Moderate Capital Costs Retained 
fuels, and inorganics; also for selected VOCs and aqueous waste stream l Low to Moderate O&M 
and pesticides requires further treatment cost 

* Fine soil particles may re uire the addition of a 
fr 

l Can be used as pretreat- 
polymer to remove them pm the washing fluid ment for other remediation 

. I$o;;;sffectlve for sohds with small percentage technologies 

* Demonstrations show up to 75% lead removal 
* Can be Fodified to remqve other inorganics 
l Not applicable for orycs 
l Effects of presence o orgamcs on the process 

is unknown 

l No waste products 
produced 

* Screening/sizing soils can 
be expensive 

l Excavation required 
* Mobile unit available 
* No fixed treatment facilities 

currently available 

l High Capital Cost 
* Low O&M Cost 

Retained 

I 

Eliminated from further evaluation. 
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General Response 
Action 

Remedial Action 
Technology Process Option 

TABLE 4-3 (Continued) 

PROCESS OPTION EVALUATION 
SITES 2,8, AND 18, AND SSA 14 

WPNSTA YORKTOWN, YORKTOWN, VIRGINIA 

Effectiveness 

l Effective for organic contaminants including 
PAHs, PCBs, and explosives 

* Heavy metals can produce a bottom ash that 
requires stabilization 

* Specific feed size and materials handling 
requrrements that can impact a 

l Works best at moisture conten P 
plicabihty 
of 20% 

* PAHs have been effectively treated at 
temperatures up to 450°F 

l Applicable for treating mercury and PCB 
contaminated soils 

l Two-uhase nrocess can seuarate and recover 
mercury fro-m soil ’ 

. Designated as BDAT for treatment of mercury 
contaminated materials 

* 99% pure metal recovered 

* Tar et contaminants are SVOCs PAHs, PCBs . Vo&ile metals may be removed 
l Operates at temperatures that will volatilize 

heavy PAHs 

. Can achieve over 99% removal of PAHs 
l Volatile metals may be removed 
l Operates at temperatures that will volatilize 

heavy PAHs 

* Vitrification is applicable to a full range of 
contannnant groups. 

* Organms are volatthzed 
* Vitrified mass has high strength and resists 

leaching 
* Inorgamcs are encapsulated 
* Contaminants are removed from the site 
1 Cradle to grave scenario 
* Distance to nearest disposal facility will affect 

cost 

* Effective on-site disposal alternative for 
treated soil 

Evaluation 
Implementability 

* Specific feed size and 
materials handling reauirem 

approx. 10 transportable 
hiah temperature units are 
av?rilabld 

* Off-gas treatment is 
reamred 

l Ex’cavation and long- 
distance transport required 

* Mobile units available 
l Hardware readily available 
l Liquid condensate and 

fabric filter dust reauire off- 
site treatment . 

* Treatability study 
recommended 

l Excavation required 
* Mobile and fixed units 

available : 
* Excavation required 
l No waste roducts 

l ~!$?&np~~~~~ solid 
waste 

! 
ermitting require- 

ments ecause process 
IS constdered “recyclmg” 
by USEPA 

* Most hardware 
components for system are 
rh;&ly avatlable off the 

* Can be implemented as an 
m situ or ex sttu system 

l Excavation required for ex 
situ process option 

. Treatabilitv studv 
recommended I 

l Soil must be dried to ~1% 
before treatment 

* Off-gas treatment is 
requned 

* Excavation reauire 
- Of&m need to be 

Disposal or use of the slag 
is required 
Excavation required 

b Availability of local 

1 
ermitted landfills must 

Moderate to High 

e evaluated 
Capital Cost 
No O&M Cost 

* Reuse of treated material 
must be approved 

Order-of-Magnitude 
costs 

Low to Moderate 
Capital ($lOO-$300/tan) 
Moderate O&M 

Moderate Capital 

k 
$3OO/ton) 

oderate O&M Cost 

High Capital 
Moderate O&M Cost 

May be Negligible 
Capital Costs 
No O&M Cost 

Evaluation 
Result 

Retained 

Eliminated; PAHI 
that require 
treatment have 
boiling oints 
higher t R an 450°F 

Eliminated. 
quantity ofsoil is 
too small to 
warrant on site 
treatment; less 
expensive thermal 
treatment is 
available; fixed 
treatment facility 
may not be 
permitted for high 
organic 
concentrations in 
soil. 

Eliminated; not 
effective for 
explosives 

Eliminated; 
excavated sod 
will require 
significant 
dewatering/ 
drying 

Eliminated. other 
thermal o iions 
can treat AHs at i: 
a less expensive 
rate 

Retained 

Retained 

Eliminated from further evaluation. 



TABLE 4-4 

REMEDIAL ACTION TECHNOLOGIES AND PROCESS OPTIONS 
RETAINED FOR FURTHER EVALUATION 

SITES 2,8, AND 18, AND SSA 14 

NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

General Response 
Action 

No Action 

Institutional Controls 

Containment 

Removal 

Treatment 

Disposal 

Remedial Action Technology 

No Action 

Fencing 

Land Use Restrictions 

Monitoring 

Capping (Site 8 and SSA 14 only) 

Excavation 

Biological 

Physical/Chemical 

Thermal 

Permitted Landfill 

Reuse/Recycle 

Process Option 

Soil Cover 

landfarming 
aqueous - phase bioslurry 

soil washing 
leaching/recovery 

incineration 
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5.0 DEVELOPMENT AND PRELIMINARY SCREENING OF REMEDIAL ACTION 

ALTERNATIVES 

In this phase of the FS, process options and remedial action technologies will be combined to form 

potential RAAs for Sites 2, 8, and 18, and SSA 14. The RAAs will be described with respect to 

quantities of media treated/remediated, major components of each RAA, and other descriptive 

details. A preliminary screening of the RAAs will be conducted, if necessary. Due to the similarity 

of contaminants at each of the three sites, similar RAAs will be developed for each site. The 

alternatives will be presented for each-site sepamtely; -however, costs may--be saved if the same 

treatment technology was implemented for two or more of the sites. 

5.1 Development of Alternatives 

The remedial action technologies and process options identified on Table 4-4 have been combined 

to form RAAs that are potentially applicable to the contaminated soils at Sites 2,8, and 18, and SSA 

14. RAAs developed for Sites 2 and 8 and SSA 14 are identified on Tables 5-1,5-2, and 5-3. The 

RAAs developed for the sites are described in the following subsections. 

5.1.1 Site 2 RAAs 

5.1.1.1 Site 2 RAA 1: No Action 

Under the No Action RAA, the contaminated soil at Site 2 will remain in place. No remedial efforts 

will,be conducted to reduce the contamination below the COC RLs. No actions will be taken to 

reduce human or environmental contact with the soil. The No Action RAA provides a baseline for 

comparison with other response actions under consideration in this FS. 

5.1.1.2 Site 2 RAA 2: Land Use Restrictions With Monitoring 

RAA 2 include the implementation of a long-term monitoring program and the maintenance of 

existing land use restrictions. Under the long-term monitoring program for RAA 2, surface soil, 

surface water, and sediment sampling and analysis will be conducted to monitor COC migration, 

natural degradation, or possible releases to the environment. Figure 5-l shows the AOCs for 
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mercury, cobalt, PCBs, and PAHs. Approximately 28 surface soil samples and six sets of surface 

water and sediment samples will be collected at the locations indicated on Figure 5- 1. The samples 

will be collected semiannually and analyzed for TCL SVOCs, TCL PCBs, and TAL inorganics. In 

the event that monitoring indicates a possible threat to human health or the environment, further 

remedial action will be evaluated. 

Land use restrictions are currently in place at Site 2. The site has been included as part of the 

Chesapeake Bay Program through which the riparian buffer zone for Felgates Creek and the York 

is being re-established. Through this program, the Virginia Institute of Marine Science (VIMS) and 

the NOAA have planted native tree species over the former landfill area at Site 2. Designation as 

part of the riparian buffer zone restricts the development of the Site 2 area for residential, 

commercial, and industrial purposes. Recreational use of the area may be permitted. 

5.1.1.3 Site 2 RAA 3: Soil Washing 

,,A”“, 
Under RAA 3, contaminated soil at Site 2 will be excavated and treated on site in a soil washing unit 

located at Site 2. Soil washing can be effective for inorganics, PAHs, PCBs, and explosives, 

although it may be difficult to treat soil with a mixture of organic and inorganic contaminants. A 

treatability study will be necessary to determine the appropriate washing agent for the mixed 

contaminants at the site. Confirmatory soil sampling will be performed to ensure that site-specific 

COCs above the final RLs have been removed. Confirmatory soil samples will be collected from 

the excavated area and analyzed for TCL SVOCs, TCL PCBs, and TAL inorganics. 

Assuming an excavation depth of one foot, approximately 785 cubic yards of contaminated soil will 

be excavated and processed through the soil washing process. Soil washing can work in several 

ways: 1) by dissolving or suspending contaminants in the wash solution, or 2) by concentrating the 

contaminants into a smaller volume of soil through particle size separation, gravity separation, and 

attrition scrubbing. The process by which soil washing works depends on the contaminant. Organic 

or inorganic contaminants adhere to clay or silt, which adheres to sand. Separation of the fines 

concentrates the contaminants and can reduce the original excavated soil volume significantly. 

Gravity separation separates the particles contaminated with heavy metal compounds. Attrition 

scrubbing removes adherent contaminant films from the coarse particles. The concentrated 

contaminant waste stream will be transported off site for further treatment or disposal. Samples will 
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be periodically collected from the soil exiting the soil washing unit to determine if the contaminant 

RLs have been met. These soil samples will be analyzed for TCL SVOCs, TCL PCBs, and TAL 

inorganics. 

Because the soil washing process will take several months to complete, the excavated areas will be 

restored with clean backfill from an on-site borrow pit and with topsoil. The area will then be 

vegetated with native species. Approximately 395 cubic yards of imported backfill and 395 cubic 

yards of topsoil will be required for restoration of Site 2. Figure 5-2 shows the area to be excavated 

and restored at Site 2 under RAA 3. 

As described under RAA 2, land use will be restricted from residential, commercial, or industrial 

development because Site 2 has been included as part of the re-establishment of the riparian buffer 

for Felgates Creek and the York River. 

5.1.1.4 Site 2 RAA 4: On-Site Biological Treatment 

Under RAA 4, the contaminated soil at Site 2 will be excavated and treated by a combination of two 

different biological treatment technologies: landfarming and bioslurry. Assuming an excavation 

depth of one foot, approximately 785 cubic yards of contaminated soil will be excavated and 

processed through the treatment process. As a cost-savings measure, the existing landfarming and 

biocell structures at WPNSTA Yorktown will be implemented. The landfarming unit is located at 

Site 24, and the biocell structure is located at Site 22. A treatability study will be necessary to 

determine the effectiveness of the treatment system. Confirmatory soil sampling will be performed 

to ensure that site-specific COCs above the final RLs have been removed. Confirmatory soil 

samples will be collected from the excavated area and analyzed for TCL SVOCs, TCL PCBs, and 

TAL inorganics. 

One potential treatment system that could be implemented is the Institute of Gas Technology’s 

(IGT’s) process called the Chemical Biological Treatment (CBT) process. This is a soil slurry 

treatment approach that will allow for destruction of organic contaminants through the use of CBT, 

and removal of inorganic contaminants by leaching them from the soil and subsequently precipitating 

them from the leaching solution. The CBT process employs hydrogen peroxide as an oxidizing 

agent to initiate the oxidative destruction of organic contaminants. The chemical oxidation step of 
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the CBT process works best at a pH of 4 and has successfully been employed to treat soil slurries. 

For Site 2, a chelating agent, EDTA, will be added to the slurry to facilitate the extraction of the 

inorganic COCs from the soil. This portion of the treatment will be conducted in the existing biocell 

constructed at Site 22. The soil will then be treated in a landfarming mode (at Site 24) to complete 

the chemical oxidation and biodegradation process resulting in the destruction of the organic COCs. 

The liquid will contain chelated inorganics as well as any organic contaminants that may have 

leached from the soil. The liquid will first be subjected to chemical oxidation to destroy residual 

organic COCs and then it will be treated under anaerobic conditions using sulfate reducing bacteria 

to remove the inorganics from solution. Additional vendor information on the CBT process is 

presented in Appendix D. Other landfarming processes could potentially treat the organic and 

inorganic COCs at Site 2. Vendor information pertaining to these processes is presented in 

Appendix D. 

Regardless of the individual type of landfarming/bioslurry treatment process selected for the site, 

the soil will be routinely collected and analyzed until it meets the site-specific final RLs. The soil 

samples will be analyzed for TCL SVOCs, TCL PCBs, and TAL inorganics. 

The landfarming/bioslurry process will take several months or longer to completely treat the 

contaminated soil. Therefore, clean backfill from an on-site borrow area will be used to restore the 

excavated area. Topsoil will be placed and planted with native species. Approximately 395 cubic 

yards of backfill and 395 cubic yards of topsoil will be required for restoration of Site 2. Figure 5-2 

shows the area to be excavated and restored at Site 2 (the same area as RAA 3). 

As described under RAA 2, land use will be restricted from residential, commercial, or industrial 

development because Site 2 has been included as part of the re-establishment of the riparian buffer 

for Felgates Creek and the York River. 

5.1.1.5 Site 2 RAA 5: Off-Site Incineration 

Under this alternative, contaminated soil at Site 2 will be excavated and transported to an off-site 

incineration facility. Assuming an excavation depth of approximately one foot, 785 cubic yards of 

soil will be excavated and transported off site to a permitted incineration facility. Confirmatory 

sampling will be performed to ensure that site-specific COCs above final RLs have been removed. 
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Confirmatory samples will be collected and analyzed for TCL SVOCs, TCL PCBs, and TAL 

inorganics. Because the soil will not be returned to the site, the excavated areas will be restored with 

clean backfill from an on-site borrow pit and topsoil. These areas will be vegetated with native 

species. Approximately 395 cubic yards of backfill and 395 cubic yards of topsoil will be required 

for restoration of Site 2. Figure 5-2 shows the area to be excavated and restored at Site 2 (the same 

area for RAA 3). 

As described under RAA 2, land use will be restricted from residential, commercial, or industrial 

: ,..^: _..... development because Site 2 has been included as part of the re-establishment of the riparian buffer. i. i_ _7m”^. 

for Felgates Creek and the York River. 

5.1.1.6 Site 2 RAA 6: Off-Site Landfill Disposal 

Under RAA 6, contaminated soil at Site 2 will be excavated and transported to an approved off-site 

landfill for permanent disposal. Assuming an excavation depth of approximately one foot, 785 cubic 

yards of soil will be excavated and transported off site to a permitted landfill facility. The excavated 

soil will be loaded into trucks and transported to the nearest permitted facility. The soil will have 

TCLP testing to determine if it is hazardous. The TCLP results will determine the type of landfill 

that can accept the soil. Confirmatory sampling will be conducted to ensure that site specific COCs 

above the final RLs have been removed. Confirmatory samples will be collected and analyzed for 

TCL SVOCs, TCL PCBs, and TAL inorganics. Because the soil will not be returned to the site, 

clean backfill from an on-site borrow pit will be used to restore the excavated areas. Topsoil will 

be placed and the area vegetated with native species. Approximately 395 cubic yards of backfill and 

395 cubic yards of topsoil will be required for restoration of Site 2. Figure 5-2 shows the area to be 

excavated and restored at Site 2 (the same area for RAA 3). 

As described under RAA 2, land use will be restricted from residential, commercial, or industrial 

development because Site 2 has been included as part of the re-establishment of the riparian buffer 

for Felgates Creek and the York River. 
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5.1.2 Site 8 RAAs 

5.1.2.1 Site 8 RAA 1: No Action 

Under the No Action RAA, the contaminated soil at Site 8 will remain in place. No remedial efforts 

will be conducted to reduce the contamination below the COC RLs. No actions will be taken to 

reduce human or environmental contact with the soil. The No Action RAA provides a baseline for 

comparison with other response actions under consideration in this FS. 

_.__ -__.__-___ --- ..--1.-- --. 

5.1.2.2 Site 8 RAA 2: No Action With Monitoring 

RAA 2 includes the implementation of a long-term monitoring program. No active remediation is 

included with this alternative. Under RAA 2, surface soil, surface water, and sediment sampling and 

analysis will be conducted to monitor COC migration, natural degradation, or possible releases to 

the environment. Approximately four surface soil samples and three sets of surface water and 

sediment samples will be collected semiannually and analyzed for TCL SVOCs, TCL PCBs, 

nitramines (explosives), and TAL inorganics. Proposed sample locations are shown on Figure 5-3. 

If monitoring indicates a possible threat to human health or the environment, further remedial action 

will be evaluated. 

5.1.2.3 Site 8 RAA 3: Soil Washing 

Under RAA 3, contaminated soil at Site 8 will be excavated and treated on site in a soil washing unit 

located at Site 8. Soil washing can be effective for inorganics, PAHs, PCBs, and explosives, 

although it may be difficult to treat soil with a mixture of organic and inorganic contaminants. A 

treatability study will be necessary to determine the appropriate washing agent for the mixed 

contaminants at the site. Confirmatory soil sampling will be performed to ensure that site-specific 

COCs above the final RLs have been removed. Confirmatory soil samples will be collected from 

the excavated area and analyzed for TCL SVOCs, TCL PCBs, nitramines, and TAL inorganics. 

Assuming an excavation depth of one foot, approximately 30 cubic yards of contaminated soil will 

be excavated and processed through the soil washing process. Soil washing can work in several 

ways: 1) by dissolving or suspending contaminants in the wash solution, or 2) by concentrating the 
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contaminants into a smaller volume of soil through particle size separation, gravity separation, and 

attrition scrubbing. The process by which soil washing works depends on the contaminant. Organic 

or inorganic contaminants adhere to clay or silt, which adheres to sand. Separation of the fines 

concentrates the contaminants and can reduce the original excavated soil volume significantly. 

Gravity separation separates the particles contaminated with heavy metal compounds. Attrition 

scrubbing removes adherent contaminant films from the coarse particles. The concentrated 

contaminant waste stream will be transported off site for further treatment or disposal. Samples will 

be periodically collected from the soil exiting the soil washing unit to determine if the contaminant 

RLs have-been.m&.+%eseso il samples-will be analyzed for TCL SVOCs, TCL PCBs, nitramines, 

and TAL inorganics. 

Because the soil washing process will take several months to complete, the excavated areas will be 

restored with clean backfill from an on-site borrow pit and with topsoil. The area will then be 

vegetated with native species. Approximately 15 cubic yards of imported backfill and 15 cubic yards 

of topsoil will be required for restoration of Site 8. Figure 5-4 shows the area to be excavated and 

restored at Site 8. 

5.1.2.4 Site 8 RAA 4: On-Site Biological Treatment 

Under RAA 4, the contaminated soil at Site 8 will be excavated and treated by a combination of two 

different biological treatment technologies: landfarming and bioslurry. Assuming an excavation 

depth of one foot, approximately 30 cubic yards of contaminated soil will be excavated and 

processed through the treatment process. As a cost-savings measure, the existing landfarming and 

biocell structures at WPNSTA Yorktown will be used. The landfarming unit is located at Site 24, 

and the biocell structure is located at Site 22. A treatability study will be necessary to determine the 

effectiveness of the treatment system. Confirmatory soil sampling will be performed to ensure that 

site-specific COCs above the final RLs have been removed. Confirmatory soil samples will be 

collected from the excavated area and analyzed for TCL SVOCs, TCL PCBs, nitramines, and TAL 

inorganics. 

As previously mentioned for Site 2, one potential treatment system that could be implemented is 

IGT’s CBT process. This is a soil slurry treatment approach that will allow for destruction of 

organic contaminants through the use of CBT, and removal of inorganic contaminants by leaching 
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them from the soil and subsequently precipitating them from the leaching solution. The CBT 

process employs hydrogen peroxide as an oxidizing agent to initiate the oxidative destruction of 

organic contaminants. The chemical oxidation step of the CBT process works best at a pH of 4 and 

has successfully been employed to treat soil slurries. For Site 8, a chelating agent, EDTA, will be 

added to the slurry to facilitate the extraction of the inorganic COCs from the soil. This portion of 

the treatment will be conducted in the existing biocell constructed at Site 22. The soil will then be 

treated in a landfarming mode (at Site 24) to complete the chemical oxidation and biodegradation 

process resulting in the destruction ofthe organic COCs. The liquid will contain chelated inorganics 

as well as any organic contaminants that may hav~leae~-from~h~~~l~Theliquid will first be 

subjected to chemical oxidation to destroy residual organic COCs and then it will be treated under 

anaerobic conditions using sulfate reducing bacteria to remove the inorganics from solution. 

Additional vendor information on the CBT process is presented in Appendix D. Other landfarming 

processes could potentially treat the organic and inorganic COCs at Site 8. Vendor information 

pertaining to these processes is presented in Appendix D. 

Regardless of the individual type of landfarming/bioslurry treatment process selected for the site, 

the soil will be routinely collected and analyzed until it meets the site-specific final RLs. The soil 

samples will be analyzed for TCL SVOCs, TCL PCBs, nitramines, and TAL inorganics. 

The landfarming/bioslurry process will take several months or longer to completely treatment to 

contaminated soil. Therefore, clean backfill from an on-site borrow area will be used to restore the 

excavated area. Topsoil will be placed and planted with native species. Approximately 15 cubic 

yards of backfill and 15 cubic yards of topsoil will be required for restoration of Site 8. Figure 5-4 

shows the area to be excavated and restored at Site 8. 

5.1.2.5 Site 8 RAA 5: Off-Site Incineration 

Under this alternative, contaminated soil will be excavated and transported to an off-site incineration 

facility. Assuming an excavation depth of approximately one foot, approximately 30 cubic yards 

of soil will be excavated and transported to a permitted incineration facility. Confirmatory soil 

sampling will be performed to ensure that site-specific COCs above final RLs have been removed. 

Confirmatory soil samples will be collected and analyzed for TCL SVOCs, TCL PCBs, nitramines, 

and TAL inorganics. Because the soil will not be returned to the site, the excavated areas will be 
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restored with clean backfill from an on-site borrow pit and topsoil. These areas will be vegetated 

with native species. Approximately 15 cubic yards of backfill and 15 cubic yards of topsoil (6 

inches deep) will be required to restore the site. Figure 5-4 shows the area to be excavated and 

restored at Site 8 (the same area for RAA 3). 

5.1.1.6 Site 8 RAA 6: Off-Site Landfill Disposal 

Under RAA 5, contaminated soil will be excavated and transported to an approved off-site landfill 

for permanent disposal. Assuming-an-ex~vatio-ndepthof~approximately one foot, approximately 

30 cubic yards of soil will be excavated and transported to a permitted landfill facility. Confirmatory 

soil sampling will be conducted to ensure that site specific COCs above the final RLs have been 

removed. Confirmatory soil samples will be collected and analyzed for TCL SVOCs, TCL PCBs, 

nitramines, and TAL inorganics. The excavated soil will be loaded into trucks and transported to 

the nearest permitted facility. The soil will have TCLP testing to determine if it is hazardous. The 

TCLP results will determine the type of landfill that can accept the soil. Because the soil will not 

be returned to the site, clean backfill from an on-site borrow pit will be used to restore the excavated 

areas. Topsoil will be placed and the area vegetated with native species. Approximately 15 cubic 

yards of backfill and 15 cubic yards of topsoil (6 inches deep) will be required to restore the site. 

Figure 5-4 shows the area to be excavated and restored at Site 8 (the same area for RAA 3). 

5.1.2.7 Site 8 RAA 7: Capping and Drainage Diversion 

Under this alternative, a soil cover will be installed in the drainage area at Site 8, and the existing 

drainage way will be diverted. The AOC and surrounding area will be filled in with backfill, topsoil 

will be added, and the site graded so that the area is no longer a natural drainage way. The area will 

be revegetated with native species. Runoff will be diverted away from the covered area by 

contouring a new drainage way. This will prevent erosion and re-exposure of the contaminated 

surface soil. 

The AOC (approximately 825 square feet) at Site 8 will be covered to prevent exposure to 

contaminated surface soil. The soil cover will be designed to divert runoff away from the existing 

drainage way. In order to divert the drainage, the surrounding area (which incorporates the AOC) 

will be covered and contoured. Assuming a trapezoidal drainage ditch with a cross sectional area 
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of 3.75 square feet (2 feet wide at the top, 1 foot wide at the bottom, 2.5 feet deep), and with 80 

linear feet of the ditch filled in, approximately 300 cubic feet (approximately 11 cubic yards) of 

backfill will be required to fill in the drainage ditch. Then the entire drainage area (80 feet by 15 

feet) will be covered with 18 inches of backfill (approximately 65 cubic yards) and 6 inches of 

topsoil (approximately 25 cubic yards). The area will then be revegetated. A cross section of the 

ditch at Site 8 is shown in relation to the sample locations on Figure 5-5. Figure 5-6 shows the area 

to be capped for Site 8. 

The existing drainage way may potentially be recharged with groundwater in addition to receiving 

storm water runoff. The existing storm water structures (pipe and concrete headwall) will be 

removed as indicated in Figure 5-6. New piping and manholes will be installed at the site, and a new 

headwall built so that erosion of the soil cover will be minimized. Samples should be collected and 

analyzed for the site-specific COCs to determine if the remainder of the pipe is acting as a secondary 

source of contamination. If this is the case, the entire pipe may need to be replaced. However, this 

is not included as part of the alternative. While the soil cover will prevent the surface runoff from 

coming into contact with the contaminated surface soil at Site 8, it will not prevent recharging 

groundwater from coming into contact with the contaminated soil. Groundwater at Site 8 was 

identified as a medium of concern (but will be addressed in a separate FS). The contaminated soil 

in the drainage way is a potential source of contamination for groundwater. 

Routine maintenance of the soil cover will be conducted under this alternative. This maintenance 

may include but not be limited to inspections, repairs, and mowing, if appropriate. 

This alternative would be effective for preventing direct contact with surface soil contaminants at 

Site 8 (the concern for this FS). However, it may not be effective for protecting the groundwater (a 

concern for a separate FS). 
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.&ah, < 5.1.3 Site 18 RAA 

5.1.3.1 Site 18 RAA 1: No Action 

The No Action RAA is the only alternative being considered for Site 18 because no AOCs were 

identified for this site. Under the No Action alternative, no actions will be taken because no media 

were determined to pose an unacceptable risk to human health or the environment. 

5.1.4 SSA 14 RAAs 

5.1.4.1 SSA 14 RAA 1: No Action 

Under the No Action RAA, the contaminated soil at SSA 14 will remain in place. No remedial 

efforts will be conducted to reduce the contamination below the COC RLs. No actions will be taken 

to reduce human or environmental contact with the soil. The No Action RAA provides a baseline 

for comparison with other response actions under consideration in this FS. 

5.1.4.2 SSA 14 RAA 2: No Action With Monitoring 

RAA 2 includes a long-term monitoring program. No active remediation activities are included with 

this alternative. Under RAA 2, surface soil, surface water, and sediment sampling and analysis will 

be conducted to monitor COC migration, natural degradation, or possible releases to the 

environment. Approximately three surface soil samples and four sets of surface water and sediment 

samples will be collected semiannually and analyzed for nitramines and TAL inorganics. Proposed 

sample locations are shown on Figure 5-7. In the event that monitoring indicates a possible threat 

to human health or the environment, further remedial action will be evaluated. 

5.1.4.3 SSA 14 RAA 3: Soil Washing 

Under RAA 3, contaminated soil will be excavated and treated in a soil washing unit located at SSA 

14. Soil washing can be effective for inorganics and explosives, although it may be difficult to treat 

soil with a mixture of organic and inorganic contaminants. A treatability study will be required to 

determine the appropriate washing agent for the mixed contaminants at the site. 

5-11 



Assuming an excavation depth of one foot, approximately 70 cubic yards of contaminated soil will 

be excavated and processed through the soil washing process. Soil washing can work in several 

ways: 1) by dissolving or suspending contaminants in the wash solution, or 2) by concentrating the 

contaminants into a smaller volume of soil through particle size separation, gravity separation, and 

attrition scrubbing. The process by which soil washing works depends on the contaminant. Organic 

or inorganic contaminants adhere to clay or silt, which adheres to sand. Separation of the fines 

concentrates the contaminants and can reduce the original excavated soil volume significantly. 

Gravity separation separates the particles contaminated with heavy metal compounds. Attrition 

scrubbing removes adherent contaminant films from the coarse particles. The concentrated 

contaminant waste stream will be transported off site for further treatment or disposal. Samples will 

be periodically collected from the soil exiting the soil washing unit to determine if the contaminant 

RLs have been met. These soil samples will be analyzed for nitramines and TAL inorganics. 

Because the soil washing process will take several months to complete, the excavated areas will be 

restored with clean backfill from an on-site borrow pit and with topsoil. The area will then be 

vegetated with native species. Approximately 35 cubic yards of imported backfill and 35 cubic yards 

of topsoil will be required for restoration of SSA 14. Figure 5-8 shows the area to be excavated and 

restored at SSA 14. 

5.1.4.4 SSA 14 RAA 4: On-Site Biological Treatment 

Under RAA 4, the contaminated soil at SSA 14 will be excavated and treated by a combination of 

two different biological treatment technologies: landfarming and bioslurry. Assuming an excavation 

depth of one foot, approximately 70 cubic yards of contaminated soil will be excavated and 

processed through the treatment process. As a cost-savings measure, the existing landfarming and 

biocell structures at WPNSTA Yorktown will be used. The landfarming unit is located at Site 24, 

and the biocell structure is located at Site 22. A treatability study will be necessary to determine the 

effectiveness of the treatment system. Confirmatory soil sampling will be performed to ensure that 

site-specific COCs above the final RLs have been removed. Confirmatory soil samples will be 

collected from the excavated area and analyzed for TAL inorganics. 

,/-, 
As previously mentioned for Sites 2 and 8, one potential treatment system that could be implemented 

is IGT’s CBT process. This is a soil slurry treatment approach that will allow for destruction of 
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organic contaminants through the use of CBT, and removal of inorganic contaminants by leaching 

them from the soil and subsequently precipitating them from the leaching solution. The CBT 

process employs hydrogen peroxide as an oxidizing agent to initiate the oxidative destruction of 

organic contaminants. The chemical oxidation step of the CBT process works best at a pH of 4 and 

has successfully been employed to treat soil slurries. For SSA 14, a chelating agent, EDTA, will be 

added to the slurry to facilitate the extraction of the inorganic COCs from the soil. This portion of 

the treatment will be conducted in the existing biocell constructed at Site 22. The soil will then be 

treated in a landfarming mode (at Site 24) to complete the chemical oxidation and biodegradation 

process resulting in the destruction ofthe organic COCs. The liquid will contain chelated inorganics __.. ,^ ” ~- - __ .- .“.. 

as well as any organic contaminants that may have leached from the soil. The liquid will first be 

subjected to chemical oxidation to destroy residual organic COCs and then it will be treated under 

anaerobic conditions using sulfate reducing bacteria to remove the inorganics from solution. 

Additional vendor information on the CBT process is presented in Appendix D. Other landfarming 

processes could potentially treat the organic and inorganic COCs at SSA 14. Vendor information 

pertaining to these processes is presented in Appendix D. 

Regardless of the individual type of landfarming/bioslurry treatment process selected for the site, 

the soil will be routinely collected and analyzed until it meets the site-specific final RLs. The soil 

samples will be analyzed for TAL inorganics. 

The landfarminglbioslurry process will take several months or longer to completely treatment to 

contaminated soil. Therefore, clean backfill from an on-site borrow area will be used to restore the 

excavated area. Topsoil will be placed and planted with native species. Approximately 35 cubic 

yards of backfill and 35 cubic yards oftopsoil will be required for restoration of SSA 14. Figure 5-8 

shows the area to be excavated and restored at SSA 14. 

5.1.4.5 SSA 14 RAA 5: Off-Site Incineration 

Under this alternative, contaminated soil from SSA 14 will be excavated and transported to an off- 

site incineration facility. Assuming an excavation depth of one foot, approximately 70 cubic yards 

of soil will be removed and transported to a permitted incineration facility. Conftrmatory soil 

,P-. 
sampling will be performed to ensure that site-specific COCs above final RLs have been removed. 

Confirmatory soil samples will be collected and analyzed for nitramines and TAL inorganics. 
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Because the soil will not be returned to the site, the excavated areas will be restored with clean 

backfill from an on-site borrow pit and topsoil. These areas will be vegetated with native species. 

Approximately 35 cubic yards of backfill and 35 cubic yards of topsoil (6 inches deep) will be 

required to restore the site. Figure 5-8 shows the area to be excavated and restored at SSA 14 (the 

same area for RAA 3). 

5.1.4.6 SSA 14 RAA 6: Off-Site Landfill Disposal 

Under RAA 5, contaminated soil from SSA 14 will be excavated and transported to an approved off- 

site landfill for permanent disposal. Assuming an excavation depth of approximately one foot, 70 

cubic yards of soil will be excavated and transported to a permitted landfill facility. Confirmatory 

soil sampling will be conducted to ensure that site specific COCs above the final RLs have been 

removed. Confirmatory soil samples will be collected and analyzed for nitramines and TAL 

inorganics. The excavated soil will be loaded into trucks and transported to the nearest permitted 

facility. The soil will have TCLP testing to determine if it is hazardous. The TCLP results will 

determine the type of landfill that can accept the soil. Because the soil will not be returned to the 

site, clean backfill from an on-site borrow pit will be used to restore the excavated areas. Topsoil 

will be placed and the area vegetated with native species. Approximately 35 cubic yards of backfill 

and 35 cubic yards of topsoil (6 inches deep) will be required to restore the site. Figure 5-8 shows 

the area to be excavated and restored at SSA 14 (the same area for RAA 3). 

5.1.4.7 SSA 14 RAA 7: Capping and Drainape Diversion 

Under this alternative, a soil cover will be installed in the drainage area at SSA 14, and the existing 

drainage way will be diverted. The AOC and surrounding area will be filled in with backfill, topsoil 

will be added, and the site graded so that the area is no longer a natural drainage way. The area will 

be revegetated with native species. Runoff will be diverted away from the covered area by 

contouring a new drainage way. This will prevent erosion and re-exposure of the contaminated 

surface soil. 

The AOC (approximately 1,800 square feet) will be covered at SSA 14 to prevent direct contact with 

surface soil. The soil cover will be designed to divert runoff away from the existing drainage way. 

In order to divert the drainage, a larger area than the AOC will be covered and contoured. The inlet 
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location of the drainage pipe discharging to the SSA drainage way is unknown. If the pipe is still 

in use, the drainage will be rerouted. Otherwise, the pipe will be removed. It is assumed that an area 

of approximately 50 feet by 80 feet will be capped with a soil cover consisting of 18 inches of 

backfill (approximately 220 cubic yards) and 6 inches of topsoil (approximately 75 cubic yards). 

The area will be revegetated. Figure 5-9 shows the area to be capped for SSA 14. 

Routine maintenance of the soil cover will be conducted under this alternative. This maintenance 

may include but not be limited to inspections, repairs, and mowing, if appropriate. 
._. 

No hydrogeologic cross sections are available for SSA 14 because there is only one existing 

monitoring well at the SSA; however, it is likely that the existing drainage way is recharged with 

groundwater. While the soil cover will prevent the surface runoff from coming into contact with the 

contaminated surface soil and potentially moving it downstream, it will not prevent contact with 

groundwater. Groundwater at SSA 14 does not pose an unacceptable human health or ecological 

risk. Therefore, groundwater contact with the contaminated soil should not pose a potential threat 

to human health and the environment 

5.2 Screeniw of Alternatives 

This section of the FS usually presents a preliminary screening of the RAAs. The objective of this 

screening is to make comparisons between similar alternatives, so that only the most promising 

alternatives are carried forward for further evaluation (USEPA, 1988). This screening is an optional 

step in the FS process and is usually conducted if there are too many RAAs on which to conduct the 

detailed evaluation. Since only six RAAs were developed for Site 2 and seven each for Site 8 and 

SSA 14, and they are all different from one another, this screening step will not be necessary. 
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TABLE 5-l 
SUMMARY OF REMEDIAL ACTION ALTERNATIVES 

SITE 2 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

RAA 4: On- 
RAA 1: RAA 2: Land RAA3: Site RAA 5: Off- RAA 6: 

No Use Restrictions Soil Biological Site Off-Site 
Remedial Action/Process Option Component Action with Monitoring Washing Treatment Incineration Landfill 

Soil Monitoring Collect approximately 28 soil samples and 
analyze the samples for TCL SVOCs, TCL X 
PCBs, and TAL inorganics on a semiannual 
basis. 

Surface Water and Sediment 
Monitoring 

Collect approximately six sets of surface 
water and sediment samples and analyze the 
samples for TCL SVOCs, TCL PCBs, and 
TAL inorganics on a semiannual basis. 

X 

Land Use Restrictions Maintain the existing land use restrictions that 
have been implemented as part of the 
Chesapeake Bay Program. 

X X X X X 

Excavation Excavate approximately 785 cubic yards of 
soil. Conduct confirmatory soil sampling to 
confirm the extent of excavation. Soil 
samples will be analyzed for TCL SVOCs, 
TCL PCBs, and TAL inorganics. 

X X X X 

Treatment - Soil Washing Treat the excavated soil in a mobile soil 
washing unit. Samples of the treated 
“washed” soil will be collected and analyzed 
for TCL SVOCs, TCL PCBs, and TAL 
inorganics. 

X 



TABLE 5-1 (Continued) 
SUMMARY OF REMEDIAL ACTION ALTERNATIVES 

SITE 2 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

RAA 4: On- 
RAA 1: RAA 2: Land RAA3: Site RAA 5: Off- RAA 6: 

No Use Restrictions Soil Biological Site Off-Site 
Remedial Action/Process Option Component Action with Monitoring Washing Treatment Incineration Landfill 

Treatment - Biological Treat the excavated soil in the existing biocell 
at Site 22 and at the existing landfarming unit 
at Site 24. Routine sampling of the soil will X 
be conducted. The samples will be analyzed 
for TCL SVOCs, TCL PCBs, and TAL 
inorganics. 

Treatment - Off-site Incineration The excavated soil will be transported off site X 
to an approved incineration facility. 

Disposal - Off-site Landfill The excavated soil will be transported off site 
to an approved landfill. 

X 

Notes: 

PCBs polychlorinated biphenyls 
RAA remedial action alternative 
SVOCs semivolatile organic compounds 
TCL Target Compound List 
TAL Target Analyte List 
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TABLE 5-2 
SUMMARY OF REMEDIAL ACTION ALTERNATIVES 

SITE 8 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

RAA 4: RAA 7: 
RAA2:No RAA3: On-Site RAA 5: Off- RAA 6: Capping ant 

RAA 1: Action with Soil Biological Site Off-Site Drainage 
Remedial Action/Process Option Component No Action Monitoring Washing Treatment Incineration Landfill Diversion 

soil Monitoring Collect approximately 4 soil samples 
and analyze the samples for TCL X 
SVOCs, TCL PCBs, nitramines, and 
TAL inorganics on a semiannual basis. 

Surface Water and Sediment 
Monitoring 

Collect approximately three sets of 
surface water and sediment samples and 
analyze the samples for TCL SVOCs, 
TCL PCBs, nitramines, and TAL 
inorganics on a semiannual basis. 

X 

Excavation Excavate approximately 30 cubic yards 
of soil. Conduct confirmatory soil 
sampling to confinn the extent of 
excavation. Soil samples will be 
analyzed for TCL SVOCs, TCL PCBs, 
nitramines, and TAL inorganics. 

X X X X 

Treatment - Soil Washing Treat the excavated soil in a mobile soil 
washing unit. Samples of the treated 
“washed” soil will be collected and 
analyzed for TCL SVOCs, TCL PCBs, 
nitramines, and TAL inorganics. 

X 

Treatment - Biological Treat the excavated soil in the existing 
biocell at Site 22 and at the existing 
landfarming unit at Site 24. Routine 
sampling of the soil will be conducted. 
The samples will be analyzed for TCL 
SVOCs, TCL PCBs, nitramines, and 
TAL inorganics. 

X 



TABLE 5-2 (Continued) 
SUMMARY OF REMEDIAL ACTION ALTERNATIVES 

SITE 8 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

RAA 4: RAA 7: 
RAA 2: No RAA 3: On-Site RAA 5: Off- RAA 6: Capping and 

RAA 1: Action with Soil Biological Site Off-Site Drainage 
Remedial Action/Process Option Component No Action Monitoring Washing Treatment Incineration Landfill Diversion 

‘reatment - Off-site Incineration The excavated soil will be transported X 
off site to an approved incineration 
facility. 

jisposal - Off-site Landfill The excavated soil will be transported 
off site to an approved landfill. 

X 

:apping - Soil Cover The existing drainage way will be tilled 
in with a soil cover consisting of backfill 
and topsoil. The surrounding area will 
be contoured to allow runoff to flow to a 
newly constructed drainage way. A new 
headwall, piping, and manholes will be 
installed as needed. 

X 

Notes: 

PCBs polychlorinated biphenyls 
RAA remedial action alternative 
SVOCs semivolatile organic compounds 
TCL Target Compound List 
TAL Target Analyte List 



TABLE 5-3 
SUMMARY OF REMEDIAL ACTION ALTERNATIVES 

SSA 14 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Remedial Action/Process Option 

Soil Monitoring 

Surface Water and Sediment 
Monitoring 

Excavation 

Treatment - Soil Washing 

Treatment - Biological 

Component 

Collect approximately 3 soil samples 
and analyze the samples for nitramines 
and TAL inorganics on a semiannual 
basis. 

Collect approximately four sets of 
surface water and sediment samples and 
analyze the samples for nitramines and 
TAL inorganics on a semiannual basis. 

Excavate approximately 70 cubic yards 
of soil. Conduct confirmatory soil 
sampling to confirm the extent of 
excavation. Soil samples will be 
analyzed for nitramines and TAL 
inorganics. 

Treat the excavated soil in a mobile soil 
washing unit. Samples of the treated 
“washed” soil will be collected and 
analyzed for nitramines and TAL 
inorganics. 

Treat the excavated soil in the existing 
biocell at Site 22 and at the existing 
landfarming unit at Site 24. Routine 
sampling of the soil will be conducted. 
The samples will be analyzed for 
nitramines and TAL inorganics. 

RAA 1: RAA 1: RAA 2: No RAA 2: No 
No No Action with Action with 

Action Monitoring Action Monitoring 

X X 

X X 

RAA3: 
Soil 

Washing 

X 

X 

RAA 4: On- 
Site 

Biological 
Treatment 

X 

X 

L4A 5: Off- RAA 6: 
Site Off-Site 

[ncineration Landfill 

X X 

RAA 7: 
Capping and 

Drainage 
Diversion 



s f 

Remedial Action/Process Option 

I Treatment - Off-site Incineration 

Notes: 

TABLE 5-3 (Continued) 
SUMMARY OF REMEDIAL ACTION ALTERNATIVES 

SSA 14 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Component 

The excavated soil will be transported 
off site to an approved incineration 
facility. 

The excavated soil will be transported 
off site to an approved landfill. 

The existing drainage way will be filled 
in with a soil cover consisting of backfill 
and topsoil. The surrounding area will 
be contoured to allow runoff to flow to a 
newly constructed drainage way. The 
pipe may be removed, or if it is still in 
use, its drainage will be rerouted. 

RAA 1: 
No 

Action 

MAA 2: No 
iction with 
vlonitoring 

RAA 3: 
Soil 

Washing 

RAA 4: On- 
Site 

Biological 
Treatment 

MA 5: Off- 
Site 

[ncineration 

X 

UA 6: 
1ff-Site 
andfill 

RAA 7: 
Capping and 

Drainage 
Diversion 

RAA remedial action alternative 
TAL Target Analyte List 
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6.0 CRITERIA FOR THE DETAILED EVALUATION OF REMEDIAL ACTION 

ALTERNATIVES 

This section of the FS presents the criteria used to conduct the detailed evaluation of the RAAs for 

each site/SSA. Nine criteria typically are considered in the detailed evaluation of alternatives. The 

nine criteria are categorized into three groups with each group having a distinct function in selecting 

the remedy: 

_ _. ._ ” 
e Threshold Criteria 

. Overall protection of human health and the environment 

t Compliance with ARARs 

0 Primary Balancing Criteria 

. Short-term effectiveness 

. Long-term effectiveness and permanence 

t Reduction of toxicity, mobility, or volume 

, Implementability 

t cost 

0 Modifying Criteria 

t State acceptance 

, Community acceptance 

Descriptions of each of these nine criteria are presented in greater detail in the following paragraphs. 

6.1 Overall Protection of Human Health and the Environment 

Evaluation of the overall protectiveness of the RAAs focuses on whether a specific RAA would 

achieve adequate protection of human health and the environment and how risks posed by each 

pathway would be eliminated, reduced, or controlled through treatment, engineering, or institutional 

controls. The overall assessment of the level of protection includes the evaluations conducted under 

other criteria, especially long-term effectiveness and permanence, short-term effectiveness, and 

compliance with ARARs. Consideration of each alternative with respect to overall protection of 
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human health and the environment focuses on how the source of contamination is to be eliminated, 

reduced, or controlled. 

6.2 Compliance with ARARs 

This evaluation involves determining whether each alternative for each site would meet all of the 

pertinent Federal and state ARARs (as identified in Section 3.0 of this report). 

Each RAA was evaluated for compliance with applicable or relevant-an&appropI=iateFederal and- 

state requirements. The evaluation summarizes which requirements are applicable or relevant and 

appropriate to each RAA. The following items were considered for each alternative: 

0 Compliance with chemical-specific ARARs. This addresses whether the ARARS 

can be met and , if not, whether a waiver may be appropriate. 

l Compliance with location-specific ARARs (e.g., preservation of historic sites, 

regulations relative to activities near wetlands or floodplains, etc.). As with other 

ARAR-related factors, these involve consideration of whether the ARARs can be 

met or whether a waiver is appropriate. 

0 Compliance with action-specific ARARs (e.g., RCRA minimum technology 

standards). It must be determined whether ARARs can be met or must be waived. 

6.3 Lone-term Effectiveness and Permanence 

This criterion evaluated alternatives with respect to their long-term effectiveness and the degree of 

permanence. The primary focus of this evaluation was the residual risk that will remain at the sites 

and the effectiveness of the controls that will be applied to manage residual risk. 

Evaluation of each RAA relative to its long-term effectiveness and permanence was based on the 

risks remaining at the sites after the remedial action objectives are achieved. The assessment of 

long-term effectiveness was made considering the following four factors: 
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0 The magnitude ofthe residual risk to human and environmental receptors remaining 

from untreated waste or treatment residues at the completion of remedial activities. 

0 An assessment of the type, degree, and adequacy of long-term management 

(including engineering controls, institutional controls, monitoring, and operation 

and maintenance) required for untreated waste or treatment residues remaining at 

the site. 

__.... * -- ---Arrassessmemof the long-term reliability of engineering and/or institutional 

controls to provide continued protection from untreated waste or treatment residues. 

0 The potential need for replacement of the remedy and the continuing need for 

repairs to maintain the performance of the remedy. 

6.4 Reduction of Toxicity, Mobilitv, or Volume Throwh Treatment 

This evaluation criterion addresses the degree to which the RAAs employ treatment technologies 

that permanently and significantly reduce toxicity, mobility, or volume of hazardous substances. 

Alternatives that do not employ treatment technologies were not considered to reduce toxicity, 

mobility , or volume of the COCs. The evaluation considered the following specific factors: 

0 The treatment processes, the remedies to be employed, and the materials to be 

treated. 

0 The amount or volume of hazardous materials that will be destroyed or treated. 

l The degree of expected reduction in toxicity, mobility, or volume, including how 

the principle threat is addressed through treatment. 

0 The degree to which the treatment will be irreversible. 

0 The type and quantity of treatment residuals that will remain following treatment. 
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6.5 Short-Term Effectiveness 

The short-term effectiveness of each RAA was evaluated relative to its effect on human health and 

the environment during implementation ofthe remedial action. Potential threats to human health and 

the environment associated with the handling, treatment, or transportation of hazardous substances 

were considered. The short-term effectiveness assessment was based on four key factors: 

0 Short-term risks that might be posed to the community during implementation an 

alternative. 

e Potential impacts on workers during remedial action and the effectiveness and 

reliability of protective measures. 

0 Potential environmental impacts of the remedial action and the effectiveness and 

reliability of mitigative measures during implementation. 

l Time until remedial response objectives are achieved. 

6.6 

Implementability considerations include the technical and administrative feasibility of each RAA 

and the availability of various materials and services required for implementation. The following 

factors were considered during the implementability analysis: 

0 Technical Feasibilitv: The relative ease of implementing or completing an action 

based on site-specific constraints, including the use of established technologies, 

such as: 

. Ability to construct the alternative (constructability). 

. Operational reliability, or the ability of a technology to meet specified 

process efficiencies or performance goals. 
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AS:-\, 
b Ability to undertake future remedial actions that may be required. 

t Ability to monitor the effectiveness of the remedy. 

l Administrative Feasibilitv: The ability and time required to obtain necessary 

approvals and permits from regulatory agencies. 

0 Availabilitv of Services and Materials: The availability of the technologies, 

materials; orservices-requiredto implement an alternative, including: 

b Available capacity and location of needed treatment, storage, and disposal 

services. 

. Availability of equipment, specialists, and provisions for additional 

resources. 

. Timing of the availability of prospective technologies under consideration. 

. Availability of services and materials, plus the potential for obtaining bids 

that are cost competitive. 

6.7 Cost 

For each RAA, a detailed cost estimate was developed based on conceptual engineering and 

analyses. Unit prices were based on published construction cost data, quotes from vendors and 

contractors, and/or engineering judgment. Costs are expressed in terms of 1998 dollars. In order 

to allow the costs of the remedial alternatives to be compared on the basis of a single figure, the net 

present worth (NPW) value of all capital and annual costs was determined for each RAA for each 

site. The USEPA CERCLA Rh’FS Guidance Document (USEPA, 1988) recommends that a five 

percent discount rate be used in present worth analyses. 

Cost estimates were prepared to assist in the evaluation of alternatives using currently available 

information. In accordance with the USEPA CERCLA RI/FS Guidance Document (USEPA, 1988), 
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the costs were developed as order-of -magnitude estimates with an intended accuracy range of +50 

percent to -30 percent. Final project costs will depend on actual local labor and material costs, 

actual site conditions, productivity, competitive market conditions, final project scope, final project 

schedule, and other variable factors. As a result, the actual final project costs probably will vary 

from the cost estimates presented herein. This variance must be considered in evaluating project 

funding needs. The cost estimate of the selected remedial actions will be refined in the design phase 

of this project. 

.--,---‘fhe-eas~an~ly~~ of remedial alternatives consisted of three principal elements: 

l Capital Costs: Capital costs consist of direct (construction ) and indirect (non- 

construction and overhead) costs. Direct costs include costs for equipment; labor 

and materials incurred to develop, construct, and implement a remedial action; and 

the operation and maintenance costs for the first year after the action is completed. 

Indirect costs are expenditures for services that are not actually a part of 

construction, but are required to implement a remedial alternative. In this FS, 

indirect costs include the following items: 

t Engineering and Design 

. Preconstruction Submittals 

Work Plans 

Health and Safety 

License, Legal Fees, and Permits 

Erosion and Sediment Control Plans 

Quality Control Plans 

b Contract Administration 

. Post Construction Submittals 

Additionally, a contingency allowance was included in the cost estimate to account for factors that 

cannot be anticipated or estimated. Contingencies address costs associated with constructing a given 
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project, such as general economic conditions at the time of bidding, adverse weather condition, 

strikes by material suppliers, inherent uncertainties in characterizing wastes or waste volumes, and 

regulatory or policy changes that may affect the FS assumptions. 

l Annual Costs: Annual costs refer to post-construction costs necessary to ensure the 

continued effectiveness of a remedial action. They typically refer to long-term 

power and material costs (such as the operational costs of a treatment facility), 

equipment replacement costs, and long-term monitoring costs. 

0 Present Worth Analysis: This assessment is used to evaluate the capital and annual 

costs of a RAA on a present worth basis. Present worth analysis is a method of 

comparing expenditures for various alternatives that occur over different time 

periods. By discounting all costs to a common base year, the costs for different 

remedial action alternatives can be compared on the basis of a single cost figure for 

each alternative. The total NPW for a given alternative is equal to the full amount 

of all costs incurred until the end of the firs year of operation (capital costs), plus 

the series of expenditures in following years reduced by the appropriate future 

value/present worth discount factors. This analysis allows the comparison of 

remedial alternatives on the basis of a single cost representing an amount that, if 

invested in the base year and disbursed as needed, would be sufficient to cover costs 

associated with the remedial action over its planned life. A maximum 30-year 

performance period is assumed for present worth analyses. The discount rate 

represents the anticipated difference between the rate of inflation and investment 

return. A five percent discount was used in the present worth analysis. 

6.8 State AcceDtance 

This criterion reflects the statutory requirement to provide for substantial and meaningful state 

involvement. State (Commonwealth) comments will be addressed in the development of this FS and 

in the Proposed Remedial Action Plan (PRAP) and Record of Decision (ROD) reports. State 

(Commonwealth) acceptance of the selected remedies for Site 2, Site 8, Site 18, and SSA 14 will be 

evaluated at the PRAP stage. Therefore, this criterion will not be addressed any further in this FS 

report. 
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6.9 Communitv Acceptance 

Community acceptance is a modifying criterion addressing the issues and concerns the public may 

have regarding each alternative. Community involvement will have a significant impact on 

implementation of the selected alternative. Community acceptance will be evaluated during the 

PRAP stage of the remedial process. Therefore, this criterion will not be addressed any further in 

this FS report. 
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7.0 DETAILED EVALUATION AND COMPARATIVE ANALYSIS OF REMEDIAL 

ACTION ALTERNATIVES 

This section of the FS presents the detailed evaluation of each RAA with respect to the threshold and 

primary balancing criteria described in Section 6.0. A comparison analysis of the RAAs for each 

site/SSA is presented in Section 7.2. 

7.1 Detailed Evaluation of the Remedial Action Alternatives 

Due to the similarities of the RAAs developed for each site/SSA, the detailed evaluation of the 

RAAs for all three sites/SSAs will be discussed in the same subsections below. It should be noted 

that the same alternative may not be implemented at all three sites/SSAs. The costs for these 

alternatives are estimated separately for each site/SSA. However, if the same alternative for the 

sites/SSA is selected, costs may be saved due to economy of scale. 

7.1.1 RAA 1: No Action 

The No Action RAA applies to Sites 2,8, and 18, and SSA 14. The detailed evaluation of this RAA 

would be the same for all three sites/SSA; therefore, it will only be presented once. 

7.1.1.1 Overall Protection of Human Health and the Environment 

Since no remedial actions will be implemented under this RAA, this alternative will not be protective 

of human health or the environment for Site 2, Site 8 or SSA 14. There are no unacceptable risks 

identified at Site 18. Therefore, this alternative is protective of human health and the environment 

at Site 18. 

Although no action will be taken as part of this alterative, land use restrictions are already in place 

at Site 2. The area around Site 2 has been included as part of the Chesapeake Bay Program to re- 

establish the riparian buffer zone for Felgates Creek. As part of this program, trees have been 

planted at Site 2. Commercial/industrial or residential development will be restricted at Site 2 due 

to this program. 
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7.1.1.2 Compliance With ARARs 

There are no chemical-specific ARARs for the soil COCs at Site 2 (PAHs, Aroclor- 1254, cobalt, and 

mercury), Site 8 (carcinogenic PAHs, Aroclor-1260, RDX, lead, mercury, and zinc) and SSA 14 

(HMX, copper, lead, mercury, zinc). There are no COCs for Site 18. However, with respect to Sites 

2 and 8, TSCA recommends PCB action levels (a TBC) for industrial and residential use, or 

ecological protection for soils contaminated with PCBs. RAA 1 will not comply with this TBC (for 

residential use or ecological protection) because PCBs will remain in place at the sites/SSA. 

No location- or action-specific ARARs apply to RAA 1. 

7.1.1.3 Long-Term Effectiveness and Permanence 

The No Action RAA would not achieve long-term effectiveness at Sites 2 and 8 and SSA 14 because 

the soil contamination will be left in place. This alternative does not provide long-term 

protectiveness of human health and the environment from exposure to the COCs in soil. Natural 

attenuation (natural in situ degradation of organic contaminants) may occur over time but the 

progress will be unmonitored and, therefore, unproven at Site 2, Site 8, or SSA 14. Under this RAA, 

there will also be no warning of a release from a potential source of contamination or indication of 

migration of contaminants. Since contaminants will remain at the sites/SSA under this RAA, five 

year reviews will be required to evaluate the effectiveness of this RAA. This alternative provides 

long-term effectiveness and permanence for Site 18. 

7.1.1.4 Reduction of Toxic&v. Mobilitv, or Volume Through Treatment 

The No Action RAA will not include any reduction of toxicity, mobility, or volume of the 

contaminants through treatment. Natural attenuation processes may reduce the toxicity of the 

organic contaminants. The No Action RAA offers no means to monitor the effectiveness of natural 

attenuation. 
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7.1.1.5 Short-Term Effectiveness 

The No Action RAA will have no short-term effects on human health and the environment associated 

with the handling, treatment, or transportation of hazardous substances because this alternative 

includes no remedial actions. However, the potential risks to human health and the environment that 

were calculated in the RI for current uses of the site would still exist. 

7.1.1.6 Implementabilitv 

Because this alternative does not include any remedial actions or institutional controls, there are no 

implementability concerns associated with this RAA. 

7.1.1.7 Cost 

There are no costs associated with the No Action RAA for Site 2, Site 8, Site 18 or SSA 14. 

7.1.2 RAA 2: No Action With Monitoring/ Land Use Restrictions With Monitoring 

The Land Use Restrictions With Monitoring RAA applies to Site 2; the No Action With Monitoring 

RAA applies to Site 8 and SSA 14. Due to the similarities between these two RAAs, they can be 

evaluated together. 

7.1.2.1 Overall Protection of Human Health and the Environment 

Contaminants will be left in place at Sites 2 and 8 and SSA 14. However, as described under RAAl, 

land use restrictions designed to re-establish the riparian buffer zones of Felgates Creek through the 

Chesapeake Bay Program will limit the land use at Site 2. While this will limit commercial, 

industrial, or residential development of Site 2, it will not prevent human or environmental contact 

with the contaminated surface soil. 

The monitoring program implemented under RAA 2 for Sites 2 and 8 and SSA 14 will provide some 

protection to human health and the environment by being able to detect releases or contaminant 

migration. 
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7.1.2.2 Compliance With ARARs 

There are no chemical-specific ARARs for the soil COCs at Site 2 (PAHs, Aroclor- 1254, cobalt, and 

mercury), Site 8 (carcinogenic PAHs, Aroclor- 1260, RDX, lead, mercury, and zinc) and SSA 14 

(H&IX, copper, lead, mercury, zinc) for soil remediation. However, with respect to Sites 2 and 8, 

TSCA recommends PCB action levels (a TBC) for industrial and residential use, or ecological 

protection for soils contaminated with PCBs. RAA 2 will not comply with this TBC (for residential 

use or ecological protection) because PCBs will remain in place. 

No location- or action-specific ARARs apply to RAA 2. 

7.1.2.3 Long-Term Effectiveness and Permanence 

The long-term monitoring program included under RAA 2 will be effective and permanent if the 

monitoring is conducted on a regular basis. A review of the sites/SSA will be required every five 

years under this RAA since contaminants will remain at the sites/SSA. 

7.1.2.4 Reduction of Toxicitv, Mobilitv. or Volume Through Treatment 

RAA 2 will not include any reduction of toxicity, mobility, or volume of the contaminants through 

treatment. Natural attenuation processes may reduce the toxicity of the organic contaminants. 

Reduction in the COC concentrations and/or migration of the COCs will be detected via the long- 

term monitoring program. 

7.1.2.5 Short-Term Effectiveness 

Implementation of the monitoring program at each of the sites/SSA will not increase risks to the 

surrounding community or the environment. Minimal risks may be introduced to site workers as 

they conduct the sampling activities. 

7-4 



7.1.2.6 Imulementability 

RAA 2 is easily implemented at all of the sites/SSA. Collection of soil, surface water, or sediment 

samples is easily implementable. Sampling equipment is readily available. 

7.1.2.7 Cost 

The capital and O&M costs and the NPW of RAA 2 for each of the sites/SSA are presented below. 

Site 2 

The estimated capital cost for RAA 2 is $95,000. It is anticipated that the monitoring program will 

be implemented for 30 years under this RAA. The annual O&M cost associated with the monitoring 

program is estimated to be approximately $50,000. The NPW for RAA 2 is approximately $880,000. 

The cost estimate for this RAA is presented in Appendix E. 1. 

Site 8 

The estimated capital cost for RAA 2 is $67,000. The annual O&M cost associated with the 

monitoring program is estimated to be approximately $27,000. The NPW for RAA 2 is 

approximately $490,000. The cost estimate for this RAA is presented in Appendix E.2. 

SSA 14 

The estimated capital cost for RAA 2 is $54,000. The annual O&M cost associated with the 

monitoring program is estimated to be approximately $16,000. The NPW for RAA 2 is 

approximately $300,000. The cost estimate for this RAA is presented in Appendix E.3. 

7.1.3 RAA 3: Soil Washing 

RAA 3 applies to Sites 2 and 8 and SSA 14. The detailed evaluation of this RAA would be the same 

for all three sites/SSA, therefore, it will only be presented once. 
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7.1.3.1 Overall Protection of Human Health and the Environment 

RAA 3 will provide protection to human health and the environment through treatment at Site 2, Site 

8, and SSA 14. Organic and inorganic contaminants will be separated from the soils by agitating the 

soil and adding solvents. A liquid waste that is concentrated with contaminants will be produced 

and disposed off site. Therefore, RAA 3 will be protective of human health and the environment 

since the soil COCs will be excavated and treated. 

,. ~. 7.1.3.2 Comuliance with ARARs 

There are no chemical-specific ARARs associated with the soil COCs at Site 2, Site 8, and SSA 14. 

However, with respect to Sites 2 and 8, TSCA recommends PCB action levels (a TBC) for industrial 

and residential use, or ecological protection for soils contaminated with PCBs. RAA 3 will comply 

with this TBC since soil with PCB concentrations exceeding the TSCA action level for residential 

soil will be excavated and treated on site. 

Action-specific ARARs for hazardous waste disposal apply to the inorganic contaminated sludge 

resulting from the soil washing process. This RAA will be able to comply with the action-specific 

ARARs. 

Location-specific ARARs regarding wetlands apply to this alternative because excavation activities 

may disturb existing wetlands (all three sites/SSA). The alternative will be implemented so that it 

complies with the action- and location-specific ARARs. 

7.1.3.3 Long-Term Effectiveness and Permanence 

RAA 3 will be an effective and permanent solution for al! three sites/SSA. The contaminated soil 

will be excavated and treated via soil washing thereby removing the soil COCs. 

A five year review will not be required for this RAA since the soil COCs exceeding the RLs will be 

removed from the sites/SSA. 
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7.1.3.4 Reduction of Toxic&v, Mobilitv, or Volume Through Treatment 

Under RAA 3, the reduction of toxicity, mobility, or volume of contaminants through treatment will 

be accomplished. The primary component of RAA 3 is treatment via soil washing. As such, the soil 

COCs exceeding the RLs will be excavated from the sites/SSA and treated on site. 

7.1.3.5 Short-Term Effectiveness 

Because thisRAtincludes earthmoving activities and on-site remediation, the potential risk to the 

surrounding community and construction workers may increase due to increased potential for direct 

contact with contaminated soil. Further, the potential risk of affecting wetland areas may increase 

due to the earthmoving activities. However, the alternative can be implemented so that these risks 

are minimized or eliminated. 

7.1.3.6 Implementabilitv 

Soil excavation activities are routine construction operations that require standard construction 

equipment. Soil washing is easily implementable, although vendors supplying the technology may 

not be readily available. Restoration of the site would require routine construction operations. 

Provided that soil washing vendors are available, RAA 3 is easily implementable. 

7.1.3.7 costs 

The capital and O&M costs and the NPW of RAA 3 for each of the sites/SSA are presented below. 

Site 2 

The estimated capital cost for RAA 3 is $1.45 million. No O&M costs are anticipated for this 

alternative. Therefore, the NPW for Site 2 RAA3 is the same as the capital cost: $1.45 million. The 

cost estimate is presented in Appendix E. 1. 
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Site 8 

The estimated capital cost for RAA 3 is $295,000. No O&M costs are anticipated for this 

alternative. Therefore, the NPW for Site 8 RAA 3 is $295,000. The cost estimate is presented in 

Appendix E.2. 

14 SSA 

The estim-iited-capital--costs for RAA 3 is $340,000. No O&M costs are anticipated for this 

alternative. Therefore, the NPW for SSA 14 RAA 3 is $340,000. The cost estimate is presented in 

Appendix E.3. 

7.1.4 RAA 4: On-Site Biological Treatment 

RAA 4 applies to Sites 2 and 8 and SSA 14. The detailed evaluation of this RAA would be the same 

for all three sites/SSA, therefore, it will only be presented once. 

7.1.4-l Overall Protection of Human Health and the Environment 

RAA 4 will provide protection to human health and the environment through treatment at Site 2, Site 

8, and SSA 14. Organic contaminants will be sequentially treated through a bioslurry and a 

landfarming process. Soil will be loaded into the bioslurry reactor. Organic contaminants will be 

broken down by microbes, and inorganic contaminants will be separated from the soils during the 

bioslurry process through leaching. A liquid waste that is concentrated with inorganics will be 

produced and disposed off site. The remaining soil will be treated through landfarming to complete 

the treatment of the organic contaminants. The treated soil could be used as backfill elsewhere on 

the site. Due to the duration of treatment, however, clean backfill and topsoil will be placed at the 

excavated areas to restore the site. Therefore, RAA 4 will be protective of human health and the 

environment since the soil COCs will be excavated and treated. 
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7.1.4.2 Compliance with ARARs 

There are no chemical-specific ARARs associated with the soil COCs at Site 2, Site 8, and SSA 14. 

However, with respect to Sites 2 and 8, TSCA recommends PCB action levels (a TBC) for industrial 

and residential use, or ecological protection for soils contaminated with PCBs. RAA 4 will comply 

with this TBC since soil with PCB concentrations exceeding the TSCA action level for residential 

soil will be excavated and treated on site. 

Action-specific ARARs for hazardous waste-disposal apply to the inorganic contaminated sludge 

resulting from the soil washing process. This RAA will be able to comply with the action-specific 

ARARs . 

Location-specific ARARs regarding wetlands apply to this alternative because excavation activities 

may disturb existing wetlands (all three sites/SSA). The alternative will be implemented so that the 

action- and location-specific ARARs will be complied with. 

7.1.4.3 Long-Term Effectiveness and Permanence 

RAA 4 will be an effective and permanent remedy for all three sites/SSA. The contaminated soil 

will be excavated and treated via biological treatment, thereby removing the soil COCs. 

A five year review will not be required for this RAA since the soil COCs exceeding the RLs will be 

removed from the sites/SSA. 

7.1.4.4 Reduction of Toxicitv, Mobilitv, or Volume Through Treatment 

Under RAA 4, the reduction oftoxicity, mobility, or volume of contaminants through treatment will 

be accomplished. The primary component of RAA 4 is treatment via bioslurry and landfarming. 

As such, the soil COCs exceeding the RLs will be excavated from the sites/SSA and treated on site. 
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7.1.4.5 Short-Term Effectiveness 

./- 

Because this RAA includes earthmoving activities and on-site remediation, the potential risk to the 

surrounding community and construction workers may increase due to increased potential for direct 

contact with contaminated soil. Further, the potential risk of affecting wetland areas may increase 

due to the earthmoving activities. However, the alternative can be implemented so that these risks 

are minimized or eliminated. 

7.1.4.6 Implementability -. 

Soil excavation activities are routine construction operations that require standard construction 

equipment. Soil leaching is easily implementable although vendors supplying the technology may 

not be readily available. Biological treatment is a proven and easily implemented technology. 

However, the combination of COCs at Site 2, Site 8, and SSA 14 may make biological treatment 

more difficult. The structures for the landfarming and bioslurry treatments are already in place from 

former remediation activities at WPNSTA Yorktown. Restoration of the site would require routine 

construction operations. Provided that vendors of the soil leaching and biological technologies are 

available, RAA 4 is easily implementable. 

7.1.4.7 costs 

Site 2 

The ,estimated capital cost for RAA 4 is $520,000. No O&M costs are anticipated for this 

alternative. Therefore, the NPW for Site 2 RAA 4 is $520,000. The cost estimate is presented in 

Appendix E. 1. 

Site 8 

The estimated capital cost for RAA 4 is $235,000. No O&M costs are anticipated for this 

alternative. Therefore, the NPW for Site 8 RAA 4 is $235,000. The cost estimate is presented in 

Appendix E.2. 
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SSA 14 

The estimated capital cost for RAA 4 is $240,000. No O&M costs are anticipated for this 

alternative. Therefore, the NPW for SSA 14 RAA4 is $240,000. The cost estimate is presented in 

Appendix E.3. 

7.1.5 RAA 5: Off-Site Incineration 

RAA 5 applies to Sites 2 and 8 and SSA 14. The detailed-evaluation ofthis-RAA would be the same 

for all three sites/SSA, therefore, it will only be presented once. 

7.1.5.1 Overall Protection of Human Health and the Environment 

RAA 5 will provide protection of human health and the environment for Site 2, Site 8 and SSA 14. 

The contaminated soil will be removed from the sites/SSA and treated off site. Therefore, RAA 5 

will provide a significant reduction in risks to human health and the environment. 

7.1.5.2 Compliance with ARARs 

There are no chemical-specific ARARs associated with the soil COCs at Site 2, Site 8, and SSA 14. 

However, with respect to Sites 2 and 8, TSCA recommends PCB action levels (a TBC) for industrial 

and residential use, or ecological protection for soils contaminated with PCBs. RAA 5 will comply 

with this TBC since soil with PCB concentrations exceeding the TSCA action level for residential 

soil will be excavated and treated on site. 

The off-site incineration facility would have to be permitted to take the contaminated soils from the 

sites/SSA. Action-specific ARARs regarding transportation of hazardous waste may apply to this 

RAA. This RAA will be able to comply with the action-specific ARARs. 

Location-specific ARARs regarding wetlands apply to this alternative because excavation activities 

may disturb existing wetlands (all three sites/SSA). The alternative will be implemented so that it 

will comply with the action- and location-specific ARARs. 
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7.1.5.3 Long-Term Effectiveness and Permanence 

RAA 5 will be an effective and permanent solution for Site 2, Site 8, and SSA 14. The contaminated 

soil will be removed from the site and treated off site, 

A five year review will not be required for this RAA since the soil COCs exceeding the RLs will be 

removed from the sites/SSA. 

7.1.5.4 Reduction of Toxicitv, Mobilitv, or Volume Through Treatment 

Under RAA 5, the reduction oftoxicity, mobility, or volume of contaminants through treatment will 

be accomplished. The primary component of RAA 5 is treatment via incineration. As such, the soil 

COCs exceeding the RLs will be excavated from the sites/SSA and treated off site. 

7.1.5.5 Short-Term Effectiveness 

Because this RAA includes earthmoving activities, the potential risk to the surrounding community 

and construction workers may increase due to increased potential for direct contact with 

contaminated soil during the excavation and transportation activities. Further, the potential risk of 

affecting wetland areas may increase due to the earthmoving activities. However, the alternative can 

be implemented so that these risks are minimized or eliminated. 

7.1.5.6 Implementabilitv 

Soil excavation activities are routine construction operations that require standard construction 

equipment. Incineration is a proven technology. However, it may be difficult to find a facility that 

is permitted for all of the COCs at Site 2, Site 8, and SSA 14 or that is available at the time of 

remediation. Restoration ofthe site requires clean backfill and topsoil which is readily available and 

easily placed. Provided that an incineration facility is available, this RAA is easy to implement. 
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i“ =“-, 7.1.5.7 costs 

Site 2 

The estimated capital cost of RAA 5 is $2.12 million. No O&M costs are anticipated for this 

alternative. Therefore, the NPW for Site 2 RAA 5 is estimated to be $2.12 million. The cost 

estimate is provided in Appendix E. 1. 

Site 8 

The estimated capital cost of RAA 5 is $2 10,000. No O&M costs are anticipated for this 

alternative. Therefore, the NPW for Site 8 RAA 5 is estimated to be $210,000. The cost estimate 

is provided in Appendix E.2. 

SSA 14 

The estimated capital cost of RAA 5 is $3 15,000. No O&M costs are anticipated for this 

alternative. Therefore, theNPW for SSA 14 RAA 5 is estimated to be $3 15,000. The cost estimate 

is provided in Appendix E.3. 

7.1.6 RAA 6: Off-Site Landfill Disposal 

RAA 6 applies to Sites 2 and 8 and SSA 14. The detailed evaluation of this RAA would be the same 

for all three sites/SSA, therefore, it will only be presented once. 

7.1.6.1 Overall Protection of Human Health and the Environment 

RAA 6 will provide protection of human health and the environment for Site 2, Site 8, and SSA 14. 

The contaminated soil will be removed from the sites/SSA and disposed off site. Therefore, RAA 

6 will provide a significant reduction in risks to human health and the environment. 
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,/‘--Y 7.1.6.2 Compliance with ARARs 

There are no chemical-specific ARARs associated with the soil COCs at Site 2, Site 8, and SSA 14. 

However, with respect to Sites 2 and 8, TSCA recommends PCB action levels (a TBC) for industrial 

and residential use, or ecological protection for soils contaminated with PCBs. RAA 6 will comply 

with this TBC since soil with PCB concentrations exceeding the TSCA action level for residential 

soil will be excavated and disposed off site. 

The off-site landfill facility would have to be permitted to take the contaminated soils from the site 

(including PCB wastes from Sites 2 and 8). If soils contaminated with inorganics do not pass TCLP 

standards, the soil will have to be solidified/stabilized prior to landfilling. Action-specific ARARs 

regarding transportation of hazardous waste may apply to this RAA. This RAA will be able to 

comply with the action-specific ARARs. 

Location-specific ARARs regarding wetlands apply to this alternative because excavation activities 

may disturb existing wetlands (all three sites/SSA). The alternative will be implemented so that it 

complies with the action- and location-specific ARARs will be complied with. 

7.1.6.3 Long-Term Effectiveness and Permanence 

RAA 6 will be an effective and permanent solution for Site 2, Site 8, and SSA 14. The contaminated 

soil will be removed from the site and disposed off site. 

A five year review will not be required for this RAA since the soil COCs exceeding the RLs will be 

removed from the sites/SSA. 

7.1.6.4 Reduction of Toxicitv. Mobilitv. or Volume Through Treatment 

RAA 6 will not provide a reduction of toxicity, mobility, or volume of contaminants through 

treatment. No treatment technologies are included under this alternative. 
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7.1.6.5 Short-Term Effectiveness 

Because this RAA includes earthmoving activities, the potential risk to the surrounding community 

and construction workers may increase due to increased potential for direct contact with 

contaminated soil during the excavation and transportation activities. Further, the potential risk of 

affecting wetland areas at all three sites/SSA may increase due to the earthmoving activities. 

However, the alternative can be implemented so that these risks are minimized or eliminated. 

7.1.6.6. Imulementabilitv 

Soil excavation activities are routine construction operations that require standard construction 

equipment. It may be difficult to find a landfill facility that is permitted for all of the COCs at Site 

2, Site 8, and SSA 14. Pretreatment (stabilization) of the soil may be required prior to landtilling. 

Restoration of the sites/SSA requires clean backfill and topsoil which is readily available and easily 

placed. Provided that a landfill facility is available, this RAA is easy to implement. 

7.1.6.7 Costs 

Site 2 

The estimated capital cost of RAA 6 (assuming nonhazardous disposal) is $320,000. The estimated 

capital cost assuming hazardous disposal is approximately $6 10,000. No O&M costs are anticipated 

for this alternative. Therefore, the NPWs for Site 2 RAA 6 are the same as the capital costs. The 

cost,estimate is provided in Appendix E. 1. 

Site 8 

The estimated capital cost of RAA 6 (assuming nonhazardous disposal) is $140,000. The estimated 

capital cost assuming hazardous disposal is approximately $150,000. No O&M costs are anticipated 

for this alternative. Therefore, the NPWs for Site 8 RAA 6 are the same as the capital costs. The 

cost estimate is provided in Appendix E.2. 
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14 SSA 

The estimated capital cost of RAA 6 (assuming nonhazardous disposal) is $150,000. The estimated 

capital cost assuming hazardous disposal is approximately $175,000. No O&M costs are anticipated 

for this alternative. Therefore, the NPWs for SSA 14 RAA 6 are the same as the capital costs. The 

cost estimate is provided in Appendix E.3. 

7.1.7 FtAA 7: Cappiw and Drainape Diversion 

RAA 7 applies to Site 8 and SSA 14 only. The detailed evaluation of this RAA would be the same 

for both site/SSA, therefore, it will only be presented once. 

7.1.7.1 Overall Protection of Human Health and the Environment 

RAA 7 will provide protection to human health and the environment through prevention of direct 

contact with contaminated surface soil at Site 8 and SSA 14. The contaminated areas will be 

covered with backfill and topsoil. Vegetation will be established and drainage pathways altered such 

that the caps will not erode. The cap will be maintained through inspection and repairs when 

necessary so contaminated soil will not be re-exposed. 

7.1.7.2 Compliance With ARARs 

There are no chemical-specific ARARs associated with the soil COCs at Site 8 and SSA 14. 

However, with respect to Site 8, TSCA recommends PCB action levels (a TBC) for industrial and 

residential use, or ecological protection for soils contaminated with PCBs. RAA 7 will not comply 

with this TBC since soil with PCB concentrations exceeding the TSCA action level for residential 

soil will remain at the site. 

No action-specific ARARs are applicable to this RAA either at Site 8 or SSA 14. 

Location-specific ARARs regarding wetlands apply to this alternative at Site 8 and SSA 14 because 

excavation activities may disturb existing wetlands. The alternative will be implemented so that it 

complies with the location-specific ARARs. 
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7.1.7.3 Long-Term Effectiveness and Permanence 

RAA 7 will be an effective and permanent solution as long as the soil cover is properly maintained. 

The cover will be inspected on a regular basis and repaired when necessary. Risk to workers may 

increase if they are periodically exposed to contaminated soil during repairs. 

Five year reviews will be required for this RAA since the soil COCs exceeding the RLs will not be 

removed from the site/SSA. 

7.1.7.4 Reduction of Toxicitv, Mobilitv, or Volume Through Treatment 

R.AA 7 will not provide a reduction of toxicity, mobility, or volume of contaminants through 

treatment. No treatment technologies are included under this alternative. 

7.1.7.5 Short-Term Effectiveness 

Risk to construction workers may potentially increase if they come into contact with contaminated 

soil during installation of the soil cover. 

7.1.7.6 Implementabilitv 

This alternative is easily implemented. Conventional construction equipment and operations are 

required to install the soil cover and divert the drainage. Because wetlands exist at both the site and 

the SSA, precautions will be taken to prevent impact from construction. 

7.1.7.7 costs 

Site 8 

The estimated capital cost for RAA 7 at Site 8 is approximately $140,000. O&M costs have been 

included for the routine inspection and maintenance of the soil cover. Therefore, the annual O&M 

for this alternative is estimated to be approximately $1,600. The NPW for RAA 7 is estimated to 

be approximately $160,000. Appendix E.2 presents the cost estimates for this alternative. 
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SSA 14 

The estimated capital cost for RAA 7 at SSA 14 is approximately $130,000. O&M costs have been 

included for the routine inspection and maintenance of the soil cover. Therefore, the annual O&M 

for this alternative is estimated to be approximately $1,600. The NPW for RAA 7 is estimated to 

be approximately $155,000. Appendix E.3 presents the cost estimates for this alternative. 

7.2 Comparative Analysis 

This section of the FS presents a comparative analysis of the RAAs for each site/SSA. The purpose 

of this analysis is to identify the relative advantages and disadvantages of each RAA with respect 

to the detailed evaluation criteria. Again, because of the similarities between the alternatives for 

each site/SSA, the RAAs are discussed together. Ifthere are differences in the comparative analysis 

for the sites/SSA, it will be explained in the text. 

7.2.1 Overall Protectiveness of Human Health and the Environment 

The treatment and disposal RAAs (RAAs 3, 4, 5, and 6) provide the most overall protection to 

human health and the environment since the soil COCs exceeding the RLs are removed from the 

sites/SSA. RAAs 5 (Off-Site Incineration) and 6 (Off-Site Landfill Disposal) may provide the most 

overall protection since the contaminated soil will be excavated and removed from the sites/SSA. 

One benefit that the on-site treatment RAAs have over the off-site treatments, though, is that there 

is no increased risks to the outside community due to transportation of the soil to off-site facilities. 

For Site 8 and SSA 14, RAA 7 (Capping and Drainage Diversion) is the next most protective 

alternative. Direct exposure to the contaminated soil is significantly reduced (with the exception of 

maintenance workers). However, potential risks remain if the soil cover is not properly maintained. 

RAA 2 (No Action With Monitoring) provides some protection in that migration or additional 

releases of contaminants would be detected and further action could be taken if necessary. RAA 1 

(No Action) provides no protection to human health and the environment at Sites 2 and 8 and 

SSA 14. However, at Site 18, RAA 1 adequately protects human health and the environment because 

no COCs were identified at the site. 
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7.2.2 Compliance With ARARs 

All of the RAAs will comply with the ARARs that apply. RAAs 1,2, and 7 do not comply with the 

TBC for PCB action levels (Sites 2 and 8) because PCBs will remain in place. 

7.2.3 Long-Term Effectiveness and Permanence 

RAAs 3,4, and 5 are all equally effective and permanent solutions. The treatments are irreversible 

and the contaminants will be destroyed/removed. RAA 6 does not destroy the contaminants, but the 

contaminants will be permanently removed from the site and disposed of in a secure landfill 

preventing spread of the contaminants at the sites/SSA. RAA 7 (Soil Cover for Site 8 and SSA 14) 

is effective and permanent for preventing dermal contact with soil as long as the soil cover is 

maintained. However, because the contaminated soil will not be treated or removed from the site 

or SSA under RAA 7, there is a possibility of contaminants impacting groundwater, or being 

exposed by erosion. RAA 2 also provides no remediation of the contaminated soil, and therefore, 

is not an effective or permanent solution for the soil contamination. RAA 2 does provide monitoring 

to evaluate if the contaminants migrate or degrade. The long-term effectiveness and permanence of 

RAA 1 is unknown for Sites 2 and 8 and SSA 14. It is possible that organic contaminant 

concentrations may decrease due to natural attenuation, but there are no means of monitoring this 

under the No Action RAA. Because there are no COCs identified at Site 18, RAA 1 provides long- 

term effectiveness and permanence at this site. 

7.2.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

RAAs 3, 4, and 5 provide reduction of toxicity, mobility, or volume of contaminants through 

treatment. Under RAA 5, the contaminated soil will be reduced to ash. The organic and volatile 

inorganic compounds will be destroyed. The non-volatile inorganic compounds will remain in the 

ash which will be disposed of in a secure landfill. The volume of the ash will be significantly less 

than the volume of the excavated soil. RAAs 3 and 4 will reduce the toxicity and/or volume of 

contaminants. The volume of the inorganic contaminated soil will be reduced through the soil 

washing (RAA 3) or leaching (RAA 4) process. The toxicity ofthe soil contaminants that are treated 

biologically (RAA 4) will be reduced via microbial destruction. RAAs 1,2,6, and 7 do not include 

treatment. 
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7.2.5 Short-Term Effectiveness 

No additional short-term risks to the community will be incurred under RAAs 1 or 2 because they 

include no remedial action. However, human receptors and the environment at the sites/SSA 

continue to be at risk in the short term with no provisions for detecting increased risks under RAA 

1. RAA 2 provides monitoring to protect human health and the environment against potential 

increased risks. RAAs 3, 4, 5, 6, and 7 pose short-term risks to workers during earth moving 

activities. RAAs 5 and 6 pose slightly less short-term risk to workers because the soil will be taken 

directly off site rather than exposing workers during on-site treatment as in RAAs 3 and 4. However, 

short-term risk to the community is greater for RAAs 5 and 6 because contaminated soil will be 

transported off site, increasing potential exposure risks. 

7.2.6 Implementability 

RAA 1 is the most easily implemented alternative because no action will be taken. RAA 7 (for Site 

8 and SSA 14) is the next most easily implemented because conventional construction equipment 

and permitting is required. RAAs 5 and 6 are the next easily implemented from a technical 

standpoint, but they may require more administrative efforts due to manifesting and permitting. 

Also, facilities that will accept the contaminated soil from the sites/SSA may not be readily 

available. RAAs 3 and 4 are easily implemented but involve on-site treatment which could pose soil 

handling problems. However, RAAs 3 and 4 may be more easily implemented than RAAs 5 and 6 

from an administrative standpoint. 

7.2.7 Costs 

The following is a summary of the estimated comparative costs for the RAAs for Sites 2, 8 and 

SSA 14. 

7.2.7.1 Site 2 Costs 

In terms of NPW, the No Action Alternative (RAAl) will be the least expensive to implement, 

followed by RAA 6 (Off-Site Disposal), RAA 4 (On-Site Biological Treatment), RAA 2 
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(Monitoring), RAA 3 (Soil Washing), and RAA 5 (Off-Site Incineration). The estimated NPW 

values are listed below in increasing order. 

. RAAl $0 

. RAA6 $320,000 (nonhazardous) $6 10,000 (hazardous) 

. RAA4 $520,000 

. RAA2 $880,000 

. RAA3 $1,450,000 

RAAS $2,120,000 

7.2.7.2 Site 8 Costs 

In terms of NPW, the No Action Alternative (RAAl) will be the least expensive to implement, 

followed by RAA 6 (Off-Site Disposal), RAA 7 (Soil Cover), RAA 5 (Off-Site Incineration), RAA 

4 (On-Site Biological Treatment), RAA 3 (Soil Washing), and RAA 2 (Monitoring). The estimated 

NPW values are listed below in increasing order. 

. RAAl $0 

. RAA6 $140,000 (nonhazardous) $150,000 (hazardous) 

. RAA7 $160,000 

. RAA5 $210,000 

. RAA4 $23 5,000 

. RAA3 $295,000 

. RAA2 $490,000 

7.2.7.3 Site 18 Costs 

The No Action alternative @AA 1) is the only alternative being considered for Site 18. There is no 

cost associated with this alternative (NPW = $0). 
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7.2.7.4 SSA 14 Costs 

In terms of NPW, the No Action Alternative (RAAl) will be the least expensive to implement, 

followed by RAA 6 (Off-Site Disposal), RAA 7 (Soil Cover), RAA 4 (On-Site Biological 

Treatment), and RAA 2 (Monitoring), RAA 5 (Off-Site Incineration), and RAA 3 (Soil Washing). 

The estimated NPW values are listed below in increasing order. 

. RAAl $0 

. RAA6 $150,000 (nonhazardous) $175,000 (hazardous) 

. RAA7 $155,000 

. RAA4 $240,000 

. RAA2 $300,000 

. RAA5 $3 15,000 

. RAA3 $340,000 
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FUTURE COMMERCUUnNDUSTRIAL WORKER 

SOIL EXPOSURE ASSESSMENT-PRELIMINARY REMEDIATION COALS (PRGs) 

COMBlNED INGESTION AND DERh4AL ROUTES OF EXPOSURE 

s1m 2 

/--‘AL WEAPONS STATION YORKTOWN 

KTOWN, VIRGINJA 

RGOe (mg/kg) = Icw[(Ing TSFo)+ (Derm’CSFd)] 

ROOnc (I%&.) = HQl[(IwP.fDo) + @eWRfWl 

Ing= IR%D*EF*CF,ATc or ATnc’BW 

~a,,, = SA+EDW-AF*.&BSCF/AT~ or ATncWW 

SO6 
1.0 

calculated 

calculated 

ATC = averaging time for carcinogen. day3 

*TIE = avnaging time for noncmcinogen. day3 

CF = conversion factor, kghg 

CSFO = oral cancer slope factor, (mg&g-day)-l 

CSFd = damally adjusted canox slope factor, (m&-day)-1 
RfDo = oral reference dose, m&kg-day 

RfDd = dem,a,ly ,,djwed reference dose. mgnig-day 

ED = exposure duration years 

EF = exposure frequency. days/year 

IR =ingesuon late. mg/day 

F1 = Fraction ht~engested, “nitless 
BW = body weight kg 

25550 
9125 

IE06 

CS (chemical specific value) 

SA = skin .swface area available for contact nn2 

AF = soil to skin adherence futor. mglanz 

ABS = Absorption Factor. miuess 

Bem.o@)fluor;mthene 

BLW.O(k)flUO~~ll~ 

IP 

N 

Targe( Target 

ICR Hq 

TOO&06 

5.00E06 

SOOK-06 

LOO&06 
5.ooE-06 

5.OOE-06 

5.00E06 

5.00E06 

5.OOE06 

__ 

__ 

__ 

5.OOGO6 

__ 

_- 

_- 

__ 

__ 

__ 

__ 

__ 

__ 

I.0 

1.0 

1.0 

1.0 

1.0 
1.0 

1.0 

1.0 

1.0 

1.0 

A 

d 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.06 

0.50 

0.010 

0.010 

0.032 

0.0 10 
0.010 

0.010 

O.OLO 

0.010 
0.010 

Slope 

FaRor 

ie2%&YJ 

7.30E01 

%3OE+OO 

%30EOl 

7.30&02 

7.30&03 

7.3owOo 

7.30EOI 

2.00E02 

2.OOE+oO 

._ 

_- 

__ 

1.5OE+oO 
__ 

__ 

__ 
_. 

__ 

cs 
CS 

CS 

25 

250 

50 

0.5 
70 

5300 
0.032 

CS 

__ 

__ 

__ 

__ 

_- 

__ 
__ 

__ 

__ 

6.0OEOS 

1 .OOE+oO 

4.00Eo4 

3.oofx4 

I.OOE-02 
4.00%02 

3.00E01 

2.3OE02 
-_ 

8.OOEO5 

:rmauy 
lope Factor 

I+&& 

1.46E+oo 

1.46E+O1 

1.46E+OO 

1.46E01 

1.46E-02 

1.46E+O1 

1.46E+oo 

4.00E02 

2.22EioO 

._ 

._ 

._ 

,.58E+OO 
._ 

__ 

__ 

._ 

__ 
__ 

__ 

*.74E-08 5.93508 *.45E-07 1.6s07 

8.74668 5.93E-08 2.45%07 ,.66E.-07 
8.748-08 S.93E.08 2.4%07 1.66%07 

8.74EO8 5.93EOS 2.45E-07 1.66&Z-07 
8.74&08 5.93E-08 2.45%07 ,.66E-07 

8.74&08 5.93E-08 2.458-07 1.66E-07 
8.74B08 5.93&08 *.45F?o7 1.66E07 
8.74508 5.93&08 2.45&07 1.66E-07 

__ 8.74%08 3.56B-08 

?..96E-07 

5.93&09 

5.93B09 
I .voE-08 

5.93&09 

5.93BOV 

5.93E09 

5.93&09 

5.93&09 

5.93E-09 

2.45B07 9.96E08 19.70 __ 

3.60&05 8.74&08 2.45%07 8.30&07 __ 37 

Z.OOE-01 

8.00E05 

2.8~04 

2.50EM 

2.40E02 

6.00E02 

1.15EO3 
-_ 

1.60B05 

8.748-08 

8.748-08 
8.748-08 

8.748-08 

8.74&08 

8.74&08 
8.74&08 

8.74&08 

8.74&08 

2.45%07 1.6608 

2.4%07 1.66E-08 
2.45EO7 5.3lE08 

2.45%07 1.66B38 

2.45E-07 3.668-08 

2.456-07 1.6eo8 

2.45E-07 16%-O* 

2ASE07 1.66FFO8 
2.4513-07 1.6608 

RGO 

CZIIC 

L!!klu- 

33.27 

3.33 

33.27 

333 
3,327 

3.33 
33.27 

1.214 

__ 

__ 

31.06 
__ 

__ 

__ 

__ 

__ 

__ 

__ 

__ 

__ 

__ 

3.052569 

1,221 
998 

11.008 

146.909 

915.771 

39.895 
__ 
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FUTURE RESIDENTIAL ADULT 
SOIL EEPOSURE ASSESSMENT-PRELIMINARY REMEDIATION GOALS (PRGr) 

COMBINED ,NGEST,ON AND DERMAL ROUTES OF EWOSURE 

SITE 2 

f’---VAL WEAPONS STATION YORKTOWN 

XTOWN, “IRGlNIA 

RGOc (m&) = ,CpJ[(bt~ ‘CSFo)+ (Detm”CSFd)] 

ROOnc (m&) = HQ/[(btS!RfDo) + @ermKUDd)j 

Lng = IR”BD”FF*CF/ATc or ATnc?BW 
Dam = SA+BD*BF*AF’“ABS-t3F,ATc or ATnc%W 

ICR = appoaioned tar@ incremental c.mce~ risk unitless 

HQ = target hazanl quotient “nhless 

RGOe = carc,noSemic contaminant concentmtio” in surface soi,, mglkg 

RoonC = “o”carci”oge”ic co-t co”centralio” in surface soil, “@kg 

ATc = averaging time for carcbtoS6”. dxyk 
*T”c = averaging time for no”carcinoS~ days 

CF = conversion fxtor, kSAnS 
CSFO = oml Cancer slope factor. (mgk&ly)-1 

CSFd = detmaUy adjusted cancer slope factor. (m&?&y)-I 
Rl,,o = oral reference dose. m~-dz,y 

RtDd = detmally adjusted reference dose. mgk&ay 

BD = exposure dwarios years 

EF = exposure hqllmcy, days/year 

IR = in&on rate, “IgJday 

BW = body weiSht. kg 

SA = ski” SurfaEe axea mailable for contact, cm2 
AF = soil to &in adherence factor. “l&n2 

Pm = Ahsorptio” Facto*. u”iuess 

CO” 
I-- 
Cardnoge* PAH.x 

B.?“ZO(+“UW3C~~ 

Benzo(a)Wrene 

B‘2”ZO@)flUOd~e 

Benzo(k)fluolrmthene 

.dX 

ArOcior-12.54 
,Rramlnes: 

4-Amhto-2,6-Dinkrotoluene 

LlO~gXdC~: 

Alumb”l”l 

tWi”lO”Y 

Arsenic 

Cd”liU”l 

copper 

*rot, 

r”ta”m”ese 

M&k-j 

Thauiunl 

Target 
ICR 

5.OEO6 

5.OG06 

5.OE06 

5.OG06 

5.OGO6 

5.OE06 
5.OE06 

5.OE06 

5.OG06 

__ 

5.OG06 

Target 
2% 

__ 

__ 
-_ 
__ 
__ 
__ 
__ 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

I,! 

0.10 

0.10 

0.10 

o.,o 

0.10 

o.,o 
0.10 

0.10 

Slope 
Factor 

ng/k&5yl; 

7.30,s0 I 

7.3OBtOO 
7.3OE-01 

7.30&02 

7.30GO3 

7.3OE+OO 
7.30E0 1 

2.00E02 

__ 

__ 

._ 

._ 

._ 

__ 

0.06 2.OOEH30 __ 

0.50 

O.OlO 

O.OlO 

0.032 

o.o,o 

0.010 

0.010 

0.010 

0.010 

0.010 

6.0OE05 

__ 

,.5OE+OO 

__ 

__ 

__ 

l.OOE+OO 

4.OOG04 

3.0OE-04 

1.0OE02 

4.0OG02 

3.0OG0, 

2.30B02 
-. 

SOOE05 

MpuTs 

Z-06 
1.0 

calculated 

calculated 

25550 

8760 

lG06 
CS (chemical specific vslue) 

CS 

cs 

cs 

24 

350 

100 
70 

5300 

0.2 

CS 

my Adj 
Lope Facto, 

M 

1.46B+oo 

*.46B+O, 

,.46B+OO 

1.46E01 

,.46&02 

,.46B+O, 
,.46B+oo 

4.00E02 

._ 

._ 

._ 

._ 

__ 

._ 

._ 

._ 

__ 

3.60&05 

2.00E01 

8.00GO5 

2.8~04 

2.50~04 

2.40&02 

6.00E02 

1.15E03 
_. 

l.6OE05 

ln@ion Denna, Ingestion 
DOS.2 Dose Dose 

C-&C C8IC NO”CEUC 

4.70&07 4.98&07 1.3x-06 
4.70&07 4.98&07 1.3X-06 
4.70G07 4,98&O, I .3X-06 

4.70&07 4.98&O, ,.37E-06 
4.7OG07 4.98&07 ,.37E-06 
4.708-07 4.98&07 1.3%06 
4.7013-07 4.98&07 1.37EO6 
4.70&07 4.98&07 1.37F.06 

4.70&07 2.99&07 ,.37GO6 

4.70B-07 2.49E06 l.37EO6 

4.7OGO7 4.98&08 1.37GO6 
4.708-07 4.98&08 ,.3X.-06 

4.708-07 1.598-07 ,.3X?.-06 

4.7OB-07 4.98&08 1.37GO6 
4.70B-07 4.98&08 1.3X!.-06 
4.7OB-07 4.98&OS ,.37Fs06 
4.70&O, 4.988-08 ,.37G06 

4.7OGO7 4.98S.08 ,.37GO6 
4.70,s07 4.98B08 I .37GO6 

Roe 

cart 
RGO 

NO”carC 

l.45GO6 4.67 __ 

l.45GO6 0.47 __ 

1.45,s06 4.67 ._ 

I .45G06 47 ._ 

l.45G06 467 _. 

I .45G06 0.47 . . 

I .45GO6 4.67 __ 

I .45G06 17, __ 

8.7lE07 

7.26F.-06 4 

l.45G07 

t .45G07 

4.65G07 

1.45B-07 

1.45Go7 

,.45Go7 

1.45,s07 

,.45GO7 

I .45GO7 

3.12 

__ 

5.23 
__ 

_- 

__ 

__ 

477.324 

191 

16, 

1.393 

24,816 

L43.137 

5.38, 
__ 
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FUTURE RES~DENTIALCHILD 

SOIL EXPOSURE ASSESSMENT-PRELIMINARY REMEDIATION COALS (PRGs) 

COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
SrTEZ 

,/‘-VAL WEAF’ONS STATlON YORKTOWN 

!KTOWN, VIRG,NIA 

RGOs fmm acddenta! ingestion and den& contact with soil are c&t&ted BS foUows: 

IWOe (I”&) = ICR/[(lnS -CSFo)c @enn*CSFd)] 

RGO”C @“&4 = HQ/[O%@=W + @e-d)1 

lng = lR-w+EF*cF,*Tc or *T”rBw 
Da”, = SA’ED+EF*AF*ABS*CF/ATc 01 AT”c’BW 

HQ = carget hazard q”&enl ““it& 

woe = carcinogenic contaminant contention in surface soil. mgkg 

RGonc = “oncarcbmgenie contaminant ~oncenwion in surface soil m&g 

1.0 
calculated 

calculated 

25550 

csF0 = oral cancer slope fact&. (mgkg-day)-1 

CSFd = de-y adjusted cancer slope factor. (mglkg-day)-, 

RfDo = oral reference dose. “@S-day 

RiDd = dam&y adjusled reference dose. m&‘kg-day 

ED = exposure duratiow years 
H = exposure freqnency. daysiyear 

IR = ingestion rate. mgk!ay 

BW = body weight kg 

SA = shin slufaEe mea adhble for contact an2 

AF = soil to skin adherence factor. mglc”l2 

ABS = Absorption Factor. unitless 

No(e: Inputs an scenario and site spec& 

Bem(a)a”thrace”e 

Be”m@)fl”omr&ne 

Benzo(k)fluoranthe”e 

de”o(l.23sd)pyrene 

:bszole 

Iltra”lI”~S: 

4-An,&-2.6~Di”i&&+,e”e 

norgan*r: 

Ahmli”um 

A”ti”l.3”~ 

Arsenic 

Cadmmm 

copper 

h” 
h.fangmse 

Mercluy 

Thdliu”l 

Targer 
x 

5.OE06 

5.OE06 
5.OE06 

5.0,s06 

s.oE-06 

S.OE06 
5.OE06 

5.OE-06 

5.OE-06 

__ 

_. 

5.OE06 

-. 

_. 

__ 

_. 

Lbbsorption 

F-1 

(unitless) 

0.06 

0.010 

0.010 

0.032 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

Slope 

FaEtoI 

Iglke;day) 

7.30E0 1 

1.3OEtoO 

7.30&O 1 

7.30E02 
7.308-03 

1.3OEHO 

7.30EOl 

*.ooE-02 

2.00E440 

__ 

__ 

__ 

,.50E+00 
__ 

_. 

E-06 

cs (chetical specific vzdue) 

cs 

CS 

cs 

6 

350 

200 

15 
2006 

0.2 

cs 

__ 

6,OOE05 

1.oostoo 

4.00EO4 

3.00G04 

,.ooE-a2 

4.00E-02 

3.OOGOl 
2.30E02 

__ 

8.00G05 

krmaUy Adj. 

lope Factor 

n,@kg-day)-l 

I .46E+Oo 

1.46E+Ol 

,.46fi+OO 

,.46GOl 

,.46E-02 

,.46Etol 

1,46B+ao 

4.00E02 

2.22woo 

_. 

_. 

_. 

,.5*WO0 

. . 

_. 
_. 

._ 

__ 

Dan. Adj. 

Ref. Dose 

k!ize&a 

_- 

_- 
__ 

__ 

__ 

__ 

__ 

__ 

3.60&05 

2.00E0 I 

8.OOGO5 

2.85~04 

2.5G04 

2.40&02 

6.00E02 

1.15E03 
__ 

1.60E05 

lngesion 

DO%? 

cart 

,.,OE06 2.20&07 ,.28EO5 2.56E-06 

I.IOE06 2.20&07 1.28E05 2.56E-06 
,.,OE06 220&07 1.28E05 2.56E-06 

,.lOE06 2.20E07 ,.2aE05 2.56%06 
LIOE06 2.20&07 ,.28&05 2.56E-06 

L.IOE06 22OE07 1.2%!.-OS 2.56%06 
l.,OE06 2.20807 ,.22&05 2.5GO6 

l.,OE06 2.20E07 1.28E05 2.56FrO6 

,.lOE-06 ,.32E-07 L28E05 ,.54&06 

l.lOE06 l.lOE-06 1.28&05 ,.2SE05 

l.lOE06 2.20E08 LZSE-05 2.56B07 

,.,OE06 2.2OE08 1.2ffE05 2.56E-07 
I.,OE06 7.03E-OS 1.28E05 8.2,&07 

,.,OB-06 z.zoE-08 1.28&05 2.56G07 
,.,OE06 2.20E08 1.28E05 2.56x-07 

l.,OE06 2.20E08 1.28E05 2.56E-07 
,.lOEO6 2.2OE08 ,.2sE05 2.56&07 

,.lOE06 2.20&08 1.2&E05 2.56&07 
l.lOEO6 2.20E08 1.28G05 2.56&07 

RGO 

CXC 

i?siL 

4.46 

0.45 
4.46 

45 

446 

0.45 
4.46 

163 

2.0 I 

__ 

__ 

2.85 
_- 

__ 

._ 

._ 

. . 

._ 

Roe 

NO”C8IC 

J?!i&L 

__ 

__ 

__ 

__ 

__ 

__ 

2 

71.085 

28 

22 

434 

3.027 

21.325 

034 
. . 
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CURRENT ADULT TRESPASSER 

SOIL EXPOSURE ASSESSMENT-PRELIMINARY REMEDlATION GOALS 

COMBINED INGESTION AND DERMAL R0IJTF.S OF EXPOSURE 

SITE 2 

,/-%%L WEAPONS STATlON YORJ‘TOWN 

KTOWN, VIRGINIA 

RoOc (“I&@ = ICR’[(lng *CSFo)+ @erm*CSFd)] 

RGOnc (m&) = HQ/[(b@.fDo) + @enniRfDd)] 

Lng = ,R=ED”EF~CF/ATc OT AT”c%W 
Dam = SA”ED’EF*AF*ABS*CF/ATc or ATnc-BW 

where: 

ICR = apportioned target incremental cawx risk, unitless 

HQ = target hazard quotient ““i&s 

raoc = cmi”oge”ic co-t conc~on in me soil “q/kg 

RGOnc = “o”carci”oSadc con-t co”ce”tio” in surface soil “v&&S 

ATC = averaging lime for caKi”oge& days 

AT”c = averaging time for noncxci”o@, aayS 

CF = co”vtio” factor, kghng 

CSFo = oral cancer slope factor. (“@S-&y)-, 

CSFd = demw.Uy ad&ted cancer slope factor, (m&g-&y)-1 

ED = exposure d&o”, years 

EF = CQom fieque”cy. daydyear 

IR = i”g&i0” me* n&Jay 

FI = Fradion ,nees(ed. unitless 
BW = body wei& kg 

SA = ski” surface area avrdlable for coni&, a”2 
AF = sail to skin adherence fadar. “l&n2 

ABS = Absorpticm Factor. widw 

Note: ,“pu(s are scenario and site specific 

Benzo(a)anthracene 

Benzo(a)pyrene 

Ba,.m@)B”or&he”e 

Benzo(k)&xa”the”e 

e”o(l.23-cd)pyene 

drbazale 

CBs: 

Amc10r-1254 

Target 

ICR 

5.OE06 

5.0%06 

5.OE06 

5.OE06 

5.0,s06 

5.OE06 

5.OEO6 

5.OE06 

5.OE06 

__ 

__ 

5.OE06 
__ 

__ 

__ 

__ 

__ 

__ 

Target 

29.. 

__ 

__ 

__ 

-_ 

__ 

1.0 

1.0 

1.0 
1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

Slope 

FtiOr 
“,F.kE&Q 

7.3oEOl 

7.3owlo 

7.30E01 

7.3013-02 
7.30&03 

7.3OE+oO 

7.3oE-0, 

2.00E02 

0.06 Z.OOE+OO 

0.50 

O.OLO 

O.OLO 
0.032 

0.010 

0.010 

O.OlO 

0.010 

0.010 

0.010 

__ 

._ 

._ 

1.5OE+OO 
._ 

._ 

._ 

__ 

__ 
__ 

INpuTs 

SE-06 

1.0 

calculated 

calculated 

25550 

10950 

IF,-06 
cs (chemical specific value) 

cs 

cs 

CS 

30 

52 

100 

0.5 
70 

5300 

0.2 

cs 

Reference 

DOS2 

._ 

._ 

6.OOEO5 

,.w!300 

4.OOE04 

3.00EO4 

,.OOE02 

4.00E02 

3.OOEOL 
2.30EOZ 

__ 

8.00E05 

L: 

f 

lermaUy 
wqx Factor 
rq,‘kx-day)-, 

1.46E+ao 

*.46E+O, 

*.46x+00 

1.46EOl 

1.46E-02 

I .46Etc I 

1,46E+Oo 

4.OOE-02 

222Bnlo 

__ 

__ 

__ 

1.58!300 

__ 

__ 

-i 

_. 

4.36EOS PSE-08 

4.36Ee0s 9.25G08 

4.3608 9.25F.-08 

4.36,s08 9.25E-o8 

4.368-08 9.25,?.-08 

_. 4.36E08 5.55E-08 

3.60&05 4.36&08 4.6%07 

2.00E01 

8.00E05 
2.85GO4 

2.508-04 

2.40&02 

6.00%02 
1.15G03 

__ 

1.60E05 

4.368-05 9.2523-09 

4.368-08 9.25EOP 
4.36s08 2.96G08 

4.36E08 92x-09 

4.36&08 9.25&09 

4.36&08 9.25Fro9 
4.36&08 9.25EOP 

4.36GOS 9.25E-09 

4.36E08 9.25E-09 

Ingestion 

Dose 

hbncarc 

,.ozEo7 

1.02Go7 
L.OzG07 

,.02Eo7 

*.02Go7 

1.02Go7 

1.02B.07 

I.OzG07 

1.02G07 

1.02,s07 

l.Oz&07 

1.02Go7 
1.02Go7 

I .ozGo7 

,.ozB-07 

1.02Go7 
1.02Go7 

,.ozE07 

*.ozE-07 

2. KE-07 

2.,6E07 

2.,6&07 

2.16GO7 

2. KG07 

2.,6E-07 

216F.-07 

2.,6E-07 

,.WE07 

,.OSE06 

2.16&08 

2.16%08 
6.90E08 

2.,6&08 

2.16&08 

2.,6&08 

2.,6&08 

2.16E08 

2.16E08 

, 
RGO 

cart 

l!z%a 

30 

3.0 

30 

300 

2.997 

3.0 

30 

I.094 

24 

._ 

45 
._ 

.- 

._ 

__ 

__ 
__ 

RGO 

NO”CZC 

__ 

__ 

__ 

__ 
__ 

__ 

__ 

__ 

__ 

32 

1.770.3.51 

1,908 

1,720 

10.366 

290.45, 

1.431.105 

43,133 
_. 

382 



CURRENT ADOLESCENT TRESPASSER 
SOlL EXPOSURE ASSESSMENT-PRELIMINARY REMED,AT,ON COAL.7 (PRGs) 
COMBINED ,NGEST,ON AND DERMAL ROUTES OR EXPOSURE 

SITE 2 

,,-%W, WEAPONS STATION YORKTOWN 

‘KTOWN, VIRGINIA 

ROOc (“I&) = lCRJ(lng ‘CSFo)+ @en”*CSFd)] 

R-c h’k9 = HQl[(W=W + @e-W 

Ing = R*ED%*CF/ATc or ATnc”BW 

De,,,, = SA’ED*EF*AF*ABS*CF/ATc or ATnc’BW 

ICR = appotioned target incre”,ental cm,cer ri&, unicless 

HQ = barge‘ hazad quotient, ““i&s 

R‘3Oc = cainogenic contaminant co”ce”tm.tio” i” surface soit “&kg 

R-c = “oncarcinogenic contaminant soncetiio” i” surface soil “@kg 

ATc = avnaging time for carcinogen. days 
*T”c = averaging time for noncarcinogeo. days 

CF = co”version factor. !&ng 
mm = oral cancer slope factor, (mg!kg-day)-1 

CSFd= deanally adjusted cancer slope fsaor (m&g-day)-, 
RDO = oral leference dose, “@kg-day 

RfDd = damally adjusted reference dose, “xg&g-day 

ED = exposure duratjcm, years 

Es = expom frequency, daydyear 

IR = i”g&i0” rate, nlgby 

F, = Fraction ingested a”idess 
BW = body weight kg 

SA = &in arface area a”ai,able for contact, cm2 

AF = &oil to ski” adherence factor. “I&m2 

ABS = Absorption Pa&x, ““idess 

Cb”t&“S”t 

carclooeen,c PARS: 

Target 
ICR 

5.OG06 

5.OG06 

TOG06 

S.OE06 
5.OGO6 

LOG06 

5.OG06 

5.OG06 

5.OG06 

__ 

5.OG06 I 
I 

Tar%& 
HO 

__ 
__ 
__ 
__ 
__ 
__ 
__ 
_- 

__ 

1.0 

1.0 

1.0 
1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Slope 

FZ&X 

“Fvkg-daQ 

0.10 7.30G0, 

0.10 %3OEtOO 
0.10 7.30G0, 

0.10 7.30&02 
0.10 7.30&03 

0.10 7.3OE+oO 
0.10 7.30G0, 

0.10 2.00&02 

0.06 

0.50 

0.010 

0.010 

0.032 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

200B+00 

_. 

__ 

__ 

1.5ofi+oo 
_- 
__ 

__ 

__ 

._ 

__ 

INpuTs 

W.-O6 

1.0 

calculated 

calculated 

25550 

3285 

1E06 
CS (chemical specific value> 

cs 

cs 

cs 

9 

52 
100 

0.5 
37 

3925 
0.2 

cs 

Reference 

Dose 

m.dkp,-dayl 

_. 

__ 

__ 

__ 

__ 

__ 

__ 

__ 

6.00E05 

,.OOE+oO 

4.00G04 

3.ooGo4 

I.OOE02 

4.00E02 

3.00G01 

2.3OGO2 
__ 

%OOE-OS 

)ermally 
Slope F&or 

m&-day)-1 

,.46E+ao 

,.46E+o* 

,.46E+oo 

,.46GO, 

L.46E-02 

,.46E+O, 

,.46E+oo 

4.OOGO2 

2.22!Boo 

._ 

_. 
1.58E+oO 

__ 

__ 
__ 
__ 
__ 

Derm.Adj 

Ref. Dose 

si,G%&l L, Dermal 

Dose 

CarC 

-- 

__ 

__ 

__ 

_. 
._ 

. . 

._ 

ZASE-08 3.*9GO* I .93&07 3.02G07 67 __ 

ZASGOS 3.89G08 ,.93G07 3.02,s07 6.7 __ 

2,48&O* 3.89&08 ,.93G07 3.02,s07 67 __ 

2,4*&O* 3.89&O* ,.93G07 3.02Go7 668 __ 

2.48G08 3.89&08 L93G07 3.02Go7 6,684 __ 

*.4*GO* 3,89&O* 1.93G07 3.02G07 6.7 __ 

2.48E-08 3.89&08 ,.93&07 3.oz.G07 67 __ 

2.48GO8 3.89&08 1.93E07 3.02Go7 2440 __ 

_. 2A*GO* 2.33&O* ,.93GO7 1.81E-07 

3.60EOS 2.48iZ-08 1.94&07 ,.93GO7 ,.5,G06 

Z.OOE-01 

8.00G05 

2.85G04 

2.5OE-04 

2.40E02 

6.OOM2 

l.lsEO3 
. . 

,.60G05 

ZA*GO* 3.896-09 1938-07 3.02G08 
ZA*GO* 3.89&09 1.93&07 3.02G08 
2.48E08 1,24&O* 1.938-07 9.67GO8 

2.48GO8 3.89&09 ,.93&07 3.02GO8 
2.4*,X-O* 3.89G09 ,.93G07 3.02GO8 
2.48GO8 3.*9&09 ,.93G07 3.02Go* 
2.48G08 3.89&09 ,.93G07 3.02&08 
L48GO8 3.89EFo9 1.9311-07 ,.ozE-08 
ZASE-08 3.89&09 1.93&07 3.02G08 

RGO 

C8K 

FiiEhL 

49 

-_ 

. . 

_. 

88 
__ 

__ 

_. 

__ 

_. 

_. 

RCO 

NO”caIC 

Jz!z%L 

22 

2.909.933 

I.164 

I.019 

7.135 

164,678 

872,980 

28.857 
__ 

233 



FurURE COMMERCIALAND”STFxAL WORKER 
SOIL EXPOS”RE ASSESSMENT-PRELIMINARY REMEDIATION GOALS (PRGs) 

COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 

SITES 

/““VAL WEAPONS STATION YORKTOWN 

KTOWN, MRGlNlA 

MOE (m&) = lV[(h,g *CSFo)+ @erm*CSFd)] 

RGOnc (mgikg) = HQi[(In&fD”) + (De-d)] 

Lng= ,R”ED%F*CF,ATc or ATnc*BW 
Deml= S*‘ED*EF-AF*.4BS-C or ATnCTw 

9125 

X-06 

cs (chemical speciric value) 

CSFd = dermally adj&d cancer slope f&x. (m&k@day)-1 

RiDo = oral reference dose. mglkg-day 

FzDd= deanally adjusted reference dose. m&kg-day 

FXI = exposure dws4ion. years 

m = exposure frepency, days/year 

lR = ingestion late. mgiday 

FI = Fraction Ingpsted, “ni!Jess 
BW = body wei& kg 

SA = skin surface area available for contact, cm2 
AF = soil to skin adherence fza‘x. %xlgkno 

ABS = Absorption Factor. unitless 

cs 

cs 

cs 

22 

250 

50 

0.5 
70 

5300 
0.032 

CS 

__ 

__ 

__ 

__ 

6.00E05 

3.00s-03 

1.OOE+oO 
3.00~04 

5.0OE03 

3.OOEO1 

2.30~02 

8.00EOS 

Ingestion 

D”X 

care 

RGO 
cart 
i?lYs 

__ 

__ 
8.74B08 5.93E-08 2.45E07 1.66&07 22.18 
8.74%08 5.93E-08 2.45E-07 1.6~07 2.22 
*.74&O* 5.93%08 2.45E07 ,.66&O, 22.18 

8.74&08 5.93B-08 2.45E07 1.66~07 222 

8.74&08 5.93E08 ?..45F,-07 1.6~07 2,218 
8.74~08 5.93E-08 2.45E07 1.66&(37 2.22 

8.74~08 5.93%08 2.4x-07 1.6~07 22.18 
8.74&08 5.93X3-08 2.4%0’ 1.66&07 809 

__ 

_. 

__ 

_- 

. . 

._ 

._ 

_. 

_. 

__ 

_. 

-_ 8.74~08 3.56%08 2.45B07 9.96E-08 13.14 _. 

3.60&05 *.nE-08 2.96X-07 2.458-07 8.30&07 __ 37 
2.70&03 8.748-08 2.96507 2.458-07 8.30&07 72.73 2.572 

2.00EOI 8.74&08 
2.85~04 8.74&08 
LOOE03 8.74&08 

6.00EO2 8.74&0.3 
1.1~03 8.74E-OS 

1.60E05 8.74&08 

5.93&09 2.4%-O’ ,.66E-08 __ 3.052569 
1.90E08 2.45s07 5.3lE0s 20.71 998 
5.93&09 2.45&07 1.66s08 __ 15.263 
5.93&09 2.45B-07 1.66X-08 _. 915.771 
5.93&09 2.45&O? 1.66BOS ._ 39.895 
5.93~09 2.45&O: 1.6~OS __ 244 

Target 
ICR 

3.33&06 

3.33~06 

3.33&06 

3.33&06 

3.33&06 

3.33&06 

3.33&06 

3.33&06 

3.33E06 

_. 

3.3x-06 

_. 

3.33&06 
_. 

__ 

__ 

_- 

ermaUy Adj. 

lope Factor 

- 

1.46E+Oo 

,.46E+ol 

L46Etall 

1.46E0, 

1.46E02 

1.46EtOI 

1.46EtcO 

4.00E02 

2.22E+oo 

._ 

I .*2!3-0 I 

. . 

*.58E+oo 
._ 

._ 

__ 

Gx‘xption 

Fytor 
(uniuess) 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.06 

0.50 

0.50 

0.010 
0.032 

0.010 

0.010 

0.010 

c.010 

7.30E01 

7.3OE+oO 

7.3OEO 1 

7.30&02 

7.3OB03 

7.3OE+OO 

7.3OE-01 

z.ooE-02 

?..OOE+OO 

i 

1 



FUTURE RESIDENTIALADULT 

SOIL EKPOS”REASSESSMENT-PRELIMINARY REMEDIATION GOALS (PRGs) 

COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 

SITE 8 
,“---VALW!M’ONS STATION YORKTOWN 

KTOWN, “IRGINLA 

RGGs from afddental ir,Seti”n and dermal contact will, soil ale c&xdaled a follows: 

RGOc @I&$) = ICRJ(Irc$ *CSFo)+ @enn*CSFd)] 

RGOnc b&W = HQNWRfW + @erm/RfDd)l 

lnS = IE*BD=BF”CF/ATc “I ATnc*BW 
De”,,= SA=BD*BF’AF*ABS*CF/ATc or ATnc*BW 

ICR = apportioned target in”remental cancer risk unitless 

HQ = troget hazard qwlienl, ““ides 

RGOC = cardnogenic cmlbmhmt concetion in surface SOS, mgikg 

RGObc = n”ncardnogenic contaminant concentration in surface ““il. m& 

A’l’c = averaging lime for car”in”Sa, days 
AT,,c = avaaging time for noncacinopen. days 

CF = conversion Fanor. kglmg 

CSF” = oral cancer slope fador. (m&d”y)-1 

CSFd = dermally adjusted canfer slope tior. (@g-@)-I 
P.fDo = oral reference dose. mgikg-day 

EfDd = &anally adjusted reference dose. mglkg-day 

3%06 

1.0 

calculided 

calculated 

25550 
8760 

E-06 

cs (chemical specific vale) 

cs 
cs 

cs 

24 

350 

100 
70 

5300 
0.2 

cs 

BW = body wei@. l4; 

SA = skin surface area available for c”ntacL an2 
.4F = soil to skin adherence factor, m&m.? 

ABS = Absorption Faa.0~. uniuess 

B”,,z”(b)flu”mnlhene 

Bem”(l@u”ranthene 

Target 
ICR 

3.3M6 

3.3!z-o6 

3.3M6 

3.3E-06 

3.3EOb 

3.3&06 
3.3EO6 

3.3B06 

3.3&06 

__ 
3.3%06 

__ 
3.3&06 

__ 
__ 
__ 

rar%et 

AL 

__ 

_. 

_. 

_. 

__ 

__ 

__ 

_. 

__ 

1.0 

1.0 

1.0 
1.0 

1.0 

1.0 

1.0 
1.0 

P Slope 

Factor 

b&lb-d&l 

0.10 7.30EOl 

0.10 7.3OE+oO 
0.10 7.30EOI 

0.10 7.30&02 

0.10 7.30&03 

0.10 7.3OE+OO 

o.*o 7.30E01 

0.10 200E02 

__ 

__ 

__ 

_- 
__ 

__ 

,.46E+Oo 

1.46lwl 

1.46E+Oo 

1.46FFOl 

I.461502 

1.46E+Ol 
1.46wOo 

4.00E02 

0.06 Z.OOE+oO __ 2.22E+oo 

0.50 

0.50 

O.OLO 

0.032 

0.010 
O.OLO 

O.OlO 

O.OlO 

__ 

l.lE01 

_. 

1.5OE+oO 
_. 

_. 

_. 

_. 

6.00E-05 _. 
3.00EO3 1.22F.-01 

l.OOB+“O _. 
3.00Ec4 1.58WOO 

5.00E03 . . 

3.00EOL _. 

2.30E02 _. 

*.ooE-05 _. 

km. Adj. 
Ref. Dose 

L!t3k?z 

hlgestion 

Dose 

Crlre 

-G&r 
DOS” 

cart 

RGO 

CtUC 

L?!!&& 

__ 4.70&07 4.98%07 1.37E-06 1.45&06 3.12 
__ 4.70&07 4.98B07 137EA6 1.4%06 0.31 
._ 4.7oE-07 4.98%07 1.37E-lx 1.45&06 3.12 
__ 4.7oE-07 4.98&07 1.37%06 3.45&06 31 
__ 4.70B07 4.98&07 1.37B-06 1.45E-06 312 
__ 4.70&07 4.98E07 1.37E-06 1.45&06 0.3, 
__ 4.7oFz-07 4.98&07 1.37&06 1.4506 3.12 
__ 4.70B07 4.98&07 1.37S-06 1.4.S06 114 

_. 2.99&07 WE-06 8,71E-07 2.08 __ 

3.60%05 

2.70&03 

4.70&07 

4.708-07 

4.7OEO7 

4.70&07 

4.708-07 

4.708-07 

4.7OEO7 

4.70B-07 

4.7oEo7 

2.49&06 1.37F-06 7.268-06 

2.49&06 1.37%06 7.26&06 

2.OOE01 
2.8~04 

1.00E03 

6.OOE02 

1.15FP03 
1.60E-05 

4.98s08 1.37E-06 ,.45E-07 
1.59E07 ,.37E-06 4.65E-07 

4.98%08 1.37E-06 1.45&07 
4.98&08 1.37E-06 1.45E-07 

4.988-08 L.37EO6 3.45&07 
4.988-08 1.37EO6 1.4x?-07 

9.37 

__ 

3.49 
__ 

__ 

__ 

_- 

__ 

4 

318 

477.124 

161 

2386 
143,137 

5,381 

38 

I 

363PRG2.WS1 



FUTURE RESlDENTLtL CKILD 
SOIL EXPOS”RE ASSESSMENT-PRELIMINARY REMEDIATION GOALS (PRG5) 

COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 

SITE 8 

,,----+L WEAPONS STATION YORKTOWN 

KTOWN, VIRGINIA 

RGOc @I&) = ICW[(Ing V-SF”)+ (Detm*CSFd)] 

RGOnc (m&kg) = HQ/[(lngRfDo) + (D-d)] 

big = R*WW*‘F,ATc or ATnc’BW 

Da,,, = Sf.*W’EF*AF*ABS*CF/ATc or ATnc”BW 

ATc = averaging timefor carcinogeh days 
ATw = averaging time for noncarcinogen, days 

CF = conversion factor, kglmg 

CSFo = “rat cancer slope factor. (m&kg-day)-1 

CSFd = damally adjusted cancer slope fxtor, (mgkg-day)-1 
RDo = oral reference dose. m&g-day 

RtDd = deadly adjusted reference dose. @kg-day 

W = exposure duration years 
RF = exposure frequency. dayfJyear 

IR = ingestion me. m&y 

BW = body weight kg 

SA = ski” surface area available for contact “n2 

AF = soil to skin adherence factor, mglcm2 

ABS = Ahsorption Fador. “ni”ess 

omlambwnt 

cnrdQoeen1c PAlI% 

Target 

ICR 

3.313-06 

3.3&06 

3X-06 

3.3&06 
3.3&06 

3.3S-06 
3.3E.06 

3.3&06 

3.3&06 

._ 

3.3606 

3.3&06 

.- 

__ 

ralget 
L!L 

._ 

._ 

.- 
__ 
_- 
_. 
_. 

__ 

1.0 

1.0 

1.0 

1.0 

1.0 
1.0 

1.0 

1.0 

1 

I 

( 

5iizgzj 
Slope Fador 

,mF,l?&ay> 1 

Derm.Adj. 
Ref. Dose 

@j?/kg-day) 

0.10 7.30E01 

0.10 7.3OE+OO 
0.10 7.30EOl 

0.10 7.30%02 
0.10 7.30&03 

0.10 7.3OE+oO 
0.10 7.30E01 
0.10 2.OOE02 

__ 

__ 

__ 

__ 

__ 

__ 

._ 

1.46woO 

,.46E+Ol 

1.46B+oo 

,.46E01 
,.46&02 

,.46E+o)1 

,.46E+oo 

4.00E02 

l.IOEO6 2.2OE07 1.2SE05 2.56EO6 2.97 
l.lOE06 2.2OE-07 l.?sE05 2.56%06 0.30 
LlOE06 2.2oEO7 1.28EOS 2.56B-06 2.97 
l.lOE0.5 2.2OE07 1.2aEOS 2.56&06 30 
,.lOE06 2.2OG07 1.28&05 2.56&06 297 
1.10E06 UCE-07 1.28EO5 2.56%06 0.30 
l.,OE06 2.2OB-07 1.28E05 2.56&06 2.97 

l.lOEO6 2.20%07 128EOS 2.56&06 109 

0.06 2.OOE+oO _. 2.22E+OO __ l.lOE06 1.32s07 

0.50 __ 6.00E05 _. 3.60&05 l.lOEO6 ,.lOE06 

0.50 LIE-01 3.00EO3 1.22E-01 2.70&03 l.lOE06 l.lOEO6 

0.010 __ ,.00E+00 __ 2.00E0, l.lOE06 2.20E08 
0.032 1SOEfoO 3.00E04 1.58Efoo 2.8%&I l.lOEO6 7.03&08 

0.010 __ 5.00EO3 . . 1.00E0.3 l.lOB-06 2.2OE08 
0.010 __ 3.00E01 . . 6.0OE02 ,.lOE06 2.2OE-08 

0.010 __ 2.30E02 _. ,.,5E03 ,.lOE-06 2,20,X-08 

0.010 __ 8.00E05 _. ,.60E05 l.lOEO6 2.20B08 

INpuTs 

3E06 

1.0 

calculated 
dcllI*d 

25550 
2190 

E-06 

cs (chemical specific value) 

cs 
CS 

cs 

6 

350 

200 

15 

2006 
0.2 

cs 

1.28E05 

1.28&05 

1.2SEO5 

1.2SE05 

1.28&05 

1.28EO5 

1.28E05 

1.2X-05 
1.28&05 

1.5-l&06 

1.28E05 

1.28&W 

2.56&07 

8.21&07 

2.56&07 

2.56&07 

2.56,X-07 

2.56%07 

RGO 

C8tC 

1.34 

__ 

13.08 

__ 

1.90 
__ 
__ 

__ 

Rco 
NcmCarc 
L!?&L 

__ 
._ 
__ 
._ 
_. 
__ 
__ 
__ 

__ 

2 

111 

71.085 

22 

355 
21.325 

I.284 
6 



CURRENT ADULT TRESPASSER 

SOIL F,XPOS”RE ASSESSMENT-PRELIMINARY REMEDLATION GOALS (I’RGs) 

COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 

SITE 8 

/““““L WFAPONS STATION YORKTOWN 

X,-OWN. VIRGINIA 

ROOE (,,,g/kg) = ICW[(Lng *CSFo)+ (Derm’CSFd)] 

RGOnc WW = HQW@fW + @erm/RfD’J)l 

Ing = IR*ED’%F*CF/ATc or ATnc%W 

Da,,, = SA’%D’EE”AF*ABS*CF/ATc or ATnc’BW 

ICR = apportioned target incremental cancer risk unitless 

HQ = targel hrmpd quotient unitlen 

RG0c = carcinogenic con- concenbntion in surface soil, mgikg 

RochlC = noncarcinogenic contaminant concentration in surface soil mg/kg 

AR = averaging time for carcinogen days 
*The = averaging time for noncarcinogen, days 

CF = fo”Vetio” factor, kg4ng 

CSFo = oral cancer dope fador. (mgkg-day)-1 

CSFd = dermally adjusted cancer slope factor, (mgikg-day)-1 
RfDo = oral reference dose, m&-&y 

RfDd = dermaSy adjusted reference dose. mglkg-day 

ED = exposure duration. years 
BF = exp0~ flequency, daydyear 

‘leno( i.l3-cd)pyrene 

&awle 

BW = body we&t, kg 

SA = skin snrfaEe area available for contact, cm?. 

AF = soil to &in adherence fador. 3Ilghnz 

ABS = Absorption Factor. unitless 

Target 

ICR 

3X.-06 

3.X-06 

3.X-06 

3.3&06 
3.3&06 

3.X-06 

3.3&06 

3.3&06 

3.3&06 

rarga 
EL 

-_ 
__ 
__ 
__ 
__ 
__ 
__ 

-_ 

1.0 

1.0 

1.0 

1.0 

1.0 
1.0 

1.0 

1.0 

A Ssorption 

Fanor 

(unitless) 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 
0.10 

0.10 

0.06 

0.50 

0.50 

0.010 

Cl.032 

0.010 
0.010 

0.010 

0.010 

Slope 

Facto* 

&Zg-day)- 

7.30E-01 

7.3OE+oO 

7.3OG01 

7.30E-02 
7.30&03 

7.3OB+oO 

7.30%0 1 

z.ooE-02 

2.OOB+oO 

,.IEOI 

I.IOE+OO 

cs 
cs 

CS 

30 
52 

100 

0.5 
‘IO 

5300 

0.2 

CS 

__ 

__ 
_. 

_. 

_. 

_- 

_. 

__ 

__ 

COOE-05 

3.00E03 

1.OOEtoO 

3.0OEo4 

5.OOE03 
3.0OEOI 

2.3oB-02 

8.00E05 

i7iGxjY 
Ref. Dose 

meikg-day1 

,.46E+oO 

I .46E+o1 

I .46EtoO 

I .46E-0 I 

I .46B02 

1.46ECO1 

1.46B+oo 

4.00E02 __ 

4.36F.a 

4.36F-08 

4.36E-08 

4.368-08 
4.36%08 

4.36E-03-08 

4.36E-08 

4.3a-08 

9.25GO8 

Y.25&08 

Y.25E08 

9.25B08 
9.25E08 

9.25E08 

9.25E08 

9.251508 

2.22E+Oo 4.36%08 5.55EO8 

._ 3.60&05 4.36B-08 4.62EsO7 

1.22E-01 2.70E03 4.36&08 4.62E-07 

1.58E+OO 
__ 

2.00E01 

2.85EO4 

1 .OOEO3 
6.0OE02 

1.15G03 

IAOE-05 

4.36x-08 

4.36B-08 

435GO8 

4.36E-O* 

4.36%08 

4.36B08 

9.25G09 

2.96E-08 

9.25BOY 
9.25E-09 

9.25GO9 

9.2s09 

Ingestion 

Dose 

NOnCan: 

1.0~07 

l.OzE-07 

1.02G07 

LOZE-07 
1.02Go7 

l.OzE-07 

1.02G07 

l.O2E.-07 

1.02G07 

1.02G07 

1.02Go7 

*.ozE-07 

1.02E-07 

1.02G07 
1.02G07 

1.02E07 

I.02607 

RGO 

care 
Roe 

lioncarc 
!a?!!&& 

2.16G07 19.98 __ 
2.16E07 2.00 _. 
2.16E.07 19.98 _. 
2.1.5&07 200 _. 
2.16E07 1,998 _. 
2.16E07 2.00 ._ 
2.16Eo7 19.98 _. 
2.16E.07 729 __ 

1.29&07 15.84 __ 

1.08&06 

1.08E06 

_. 

54.38 
32 

2307 

2.16EO8 __ 1,770.351 

6.90E08 29.73 1.720 
2.16&08 __ 23,852 
2.16&08 __ 1.43L.105 

2.16s08 __ 43.133 
2. MB-08 __ 382 



CURRENT ADOLESCENT TRESPASSER 
SOIL BXPOSURS ASSESSMENT-PRELIMiINARY REMEDIATION GOALS (PRGr, 

COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 

SITE 8 

,/‘--,‘,AL WMPONS STATION YORKTOWN 

:ETOWN, VIRGINIA 

ROOc (m&q) = ICW[(lng -CSFo)+ @am*CSFd)] 

RGOnc (III&) = HQi[(b@fDo) + (Demuafod)] 

lug.= lR*EDw*cF,*Tc or AT”C-BW 

De,,,, = SA”ED”EF*AF*ABS*CF/ATc or A’,&“BW 

ICR = apptkmd target inaemental cancer risk. unitless 3E0.5 

HQ = target hazard quotienr. “nitless 1.0 

CF = conversion factor. kglmg 

CSFo = oral cancer slope factor. (m&-day)-, 

CSFd = damaUy adju&d cancer slope factor. (mglkg-day)-I 

RfDo = oral reference dose. mg!kg-day 

RfDd = denn$.ly adjusted reference dose. mgikg-day 

ED = exposure duration years 

E= = expasurr frequency, days&a 

lR=iIlg&i0IHW.lIlgl~ 

FI = Fraction IngesteesteQ unitless 
BW = body wei& kg 

Bazo(b)fluomnthene 
Benzo(k)fluomnthene 

benzo(ah)anllracene 

.eno(l,23-cd)pyrene 
,arbazole 

‘CBS 

Am&w1260 

IltCXdIl~: 

4-Amino-26-Dinitroolumt 

RDX 

oorgaolcs: 

Abxninum 

Arsenic 

cbIomillm 

lro” 
Manganese 

Thdillm I 

Target 

ICR 

3.3&06 

3.3&06 

3.3GO3-06 
3.3G06 

3.3G06 
3.3GO.5 

3.3GO6 

3.3GO6 

3.3G06 

._ 

3.3GO6 

3.3E-06 
._ 

__ 
_- 

__ 

T-9 
HQ 

__ 
__ 
__ 
__ 

__ 

__ 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 
1.0 

1.0 

bmption 

FtiOr 
(unitless) 

0.10 

0.10 

0.10 
0.10 

0.10 

0.10 

0.10 
0.10 

0.06 

0.50 

0.50 

0.010 

0.032 

0.010 

0.010 

0.010 

0.010 

SlOp 

F&Or 

ng!k.wlay)-I 

7.30GOI 

7.3OE+oO 

7.30E01 
7.30&02 

7.30&03 

7.3OE+OO 

7.3OEOl 

2.OOGOZ 

2.oofi+Oo 

__ 

l.lE-01 

__ 

1.50E+00 
__ 

_. 

_. 

328.5 

LEO6 

CS (chemxal specific value) 

CS 
CS 

cs 

9 

52 

100 

0.5 
37 

3925 

0.2 

cs 

__ 

-_ 

__ 

‘_ 

__ 

6.OOG05 

3.ooE-03 

1 .OOE+oO __ 

3.00~04 l.SSE+OO 
5.OOG03 ._ 

3.00G01 __ 

2.30&02 __ 

8.OOG05 _. 

c -i&EiK 
DOW 
CaxIc 

2.48&08 3.89&08 1.93&07 3.0~07 44.56 __ 

2.48E08 3.89&08 1.93&07 3.02Go7 4.46 __ 

2.48&08 3.89E08 1.93&07 3.02Go7 44.56 _. 

2.48~08 3.89&08 ,.93E-07 3.02Go7 446 __ 

2.48&08 3.89G08 1.93&07 3.02Go7 4,456 __ 

24SGO8 3.89&08 1.93&07 3.02Go7 4.46 __ 

248G08 3.89&08 1.938-07 3.02Go7 44.56 __ 

2.48E08 3.89&08 1.93&07 3.02Go7 1.626 __ 

2.48&08 2.33~08 1.93&07 1.81G07 32.90 __ 

3.6OGO5 2.48&08 1.94&07 

2.70B03 2.48&08 1.94&07 

Z.OOE-0 1 248GO8 3.89&09 

2.8~~04 2.48GOS 1.24G08 

I.OOE-03 Z.&&OS 3.89GOY 

6.00G02 248GO8 3.89&09 

1,15E-03 2.48GO8 3.89&09 

1.6OG05 248GO8 3.89&09 

1.93B07 

1.93&07 

1.93G07 

1.938-07 

1.93GO7 

1.93E07 

1.9x-07 

1.93B07 

-- 

RCO 

cam 

i!!%%L 

RGO 

Noncax 

L!2tYu 

1.51G06 __ 22 
1.51GO6 125.92 1.603 

3.02Gos 

9.67GO8 

3.02GO8 

3.02B08 

3.02GO8 

3.02Go* 

._ 

58.72 

._ 

. . 

._ 

z909.933 

1,019 
14.550 

872980 

28,857 

233 



PUNRE ON-SITE ADULT RESIDENT 

FUTURE BENEFICIAL “SE SCENARIO 

GROUNDWATER EEPOSURE ASSESSMENT- PRELIMINARY REMEDIATION COALS (PRGs) 
COMBINING WGESTION AND DERMAL ROUTES OF EXPOSURE 

“---E 8 

‘AL WEAPONS STATION YORKTOWN 

RKTOWN, YIRGMIA 

RGOc (m&) = ICR/([&+ Dem,][CSF]) 

R-s (,n&) = HQ’RtD/(@+ Den,,) 

lng = IR*EP’ED,(ATc or ATnc’BW) 

Dam = SA*EF”BT*PC”BD”CF/(ATc 01 ATnc*Bw) 

ICR = incremental mcer risk (uniues3) 

HQ = hazard quotient (“nit,~s) 

RCOc = carcinogetlic contaminant conction in water (ug/L) 

RGonc = noncarcinowdc contamin;mt concentmiion in water (u&k) 

ATc = averagin% time-for CarcinoSen (days) 

~lhc = averaging time for noncarcinoSen (days) 

CF = co”vtio” factor (0.001 Lhn3) 

CSF = cancer slope factor (m&g-day)-, 

RfD = reference dose (n@Sday) 

P = exposure frequency (days/year) 
R = water ingestion rate (whour) 

SA = ski” BurPace area available for callact (an2) 

ED = exposure duration (years) 

BW= body wei&t (k~) 

ET = exposure time (lmdday) 

PC = pemleabuity constant (on/hr) 

,I -Tli”itr0to1ue”e 

gM&.S: 

raked Arsenic 

D&salved Btium 

Dissolved ThaUi”.,” 

-E- 

5.00E06 
5.OOB-06 
5.OOG06 

5.OOE06 

5.OOB-06 

5.OOG06 

HQ 

*.ooEulo 

I.OOEcOO 
*.ooE+oo 

LOOE+oO 

,.OOE+oO 

LOOEMO 

,.60G02 

8.90&03 

2.30GOl 

8AOGO4 

8AOGO4 

8AOGO4 

3.00G03 

3.00G03 

3.00G03 

6.OOE-01 

6.1OGO3 
,.lOGOZ 

._ 

LlOGOl 

3.00E-02 

1.5 
._ 

6.OOG0, 

6.10G03 

1.38G02 

LlOE-Ol 

4.05&02 

1.5S300 
__ 

__ 

S.OOG06 

I 

calculated 

calculated 

25550 

8760 
0.00, 

specie 

specific 

40 

0.05 

5300 

?A 
70 

1 

specitic 

9.00E-03 

,.OOE-oZ 

6.00G03 

6.00~05 

3.OOGO3 

5.OOGO4 

3.00GM 

7.00G02 
8.00G05 

-7JGGi- 
D‘XB 

CUC 

4.55EOS 

2.536-05 

6.54&@4 

2.39B06 

2.39GO.6 

2.39&06 

8.53G06 

8.53&06 

8.53&06 

Dose / DO% 
Noncarc / Noncarc 

7.83&05 1.338-04 0.12 42.65 
7.8X-05 7.38G05 15.72 65.74 
7.838-05 ,.9x-03 0.54 2.44 

7.83E05 6.97G06 

7.83E05 6.97G06 
7.83&05 6.97G06 

1.56 

5.54 

0.67 

35.19 

5.70 

7.83B05 

7.838-05 

7.83&05 

L 

2.49G05 

2.49,s05 

2.49G05 

0.09 
-_ 

2.87 
678.49 

0.39 

-L 

RGO 
VO”caIC 
l!!!&L 



FUTURE ON-SITE CHILD RESIDENT 

FUTURE BENEFICIAL USE SCENARIO 

GROUNDWATER EXPOSURE ASSESSMENT- PRELIMINARY REMEDIATION GOALS (PRGs) 

COMBIN,NC INGESTION AND DERMAL ROUTES OF EXPOSURE 
,--w?.s 

7ALWEAPONS STATION YORKTOWN 

AKTOWN, VIRGINIA 

RCCs from inSe.sticm and dmml contact with groundwater am calculated as foUows: 

ROOc (I,,&) = ICW([hq +Dem][CSF]) 

RGOmc (nq!L) = HQ%ID/(lng + Derm) 

Ing = R*EF%D/(ATc or ATnc*BW) 

Dm = SA*EF*ET-PC”ED”CF/(ATc or ATnc”BW) 

ICR = incremental cancer risk (unitless) 

HQ = hazard quotient (unitless) 
RG‘,c = carcinogenic co- concentration m water (@L) 

RCCnc = noncarcjnQgenic co- concetion in water (u&l 

AT-2 = averagins time for carcinogen (days) 

ATnc = we&g ‘he for non&oSm (days) 

CF = c‘mvtion h&x (0.001 Lkm3) 

CSF = cmcer slope Fador (m&&y)-1 

RfD = reference dose (ntgkg-day) 

EF = exposure fceqnency (days;year) 

IR = water ingestion me (Lllour) 
SA = skin surface area available for EOnIact (cm.2) 

ED = exposure duration (years) 

BW = body weight Org) 

ET = eqosvre time (hourdday) 
PC = permeabii consian, (cm&r) 

Note: InpuB are scenario and site specific 

gan1cr: 

molved Arsenic 

Dissolved Badurn 

Dissolved Thallium 

ICR 

5.00E06 

5.OOE06 

5.00E06 

__ 

S.OOE06 

5.00E06 

5.0OE06 
-_ 
__ 

--6-- 

l.OOE+OO 

1.OOE+oO 
1.OOEtoO 

1.00E+00 

l.OOE+OO 

1.OOE+OO 

1.OOE+oO 

1.OOE+QO 

l.OOE+OO 

8.40&04 

8.40~04 

8.40&04 

6.WE0, 

6.IOE03 

1.10&02 

__ 

l.lOE-01 

3.00E02 

,.58E+OO 
__ 

__ 

INPUTS 

5.00E06 

I 

calculated 

calculated 

25550 

2190 

0.001 

spetic 

specific 

40 

0.05 

2006 

6 

15 

I 

specific 

6.00E05 

3.00E03 

5.00Eo4 

3.00Eo4 

7.00E02 

8.00EOS 

el-mauy Ad 

Ref. Dose 

M 

9.ooE-03 

I.OOE& 
4.8OE03 

3.608-05 

3.00E03 

3.70~04 

2.85Go4 

7.OOE02 

1.60E05 

Ing&iO” 

Dose 
cart 

3.13E05 

3.13E.05 
3.13&05 

3.UE05 

3.13~05 

3. L3E05 

3.m.-05 

3.13E05 

3. L3E05 

-EGGii- 

Dose 
arc 

2.01EOS 

1.12FPOS 
2.89~04 

I .06E06 

1.06E06 

I .06B06 

X77&06 

3.77G06 

3.77&06 

3.6~04 

3.6X-04 
3.6X-04 

3.65&O!-, 

3.65%04 

3.65~04 

3.6~04 

3.65E-04 

3.65EO4 

1 .?x-05 

1.238-05 
1.23E05 

0.16 

7.94 

I.31 



FUTURE COMMERCLALTNDUSTRIAL WORRER 

SOIL EWOSUREASSESSMENT-PRELIMINARY REMBDLATION GOALS (F’RGs) 

COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 

SSA1.i 

,,-YAL WEAPONS STATION YORKTOWN 

U‘TOWN, VIRGINIA 

RGOc (m&g) = IcR/[(Lng *CSFo)+ @em?+CSFd)] 

RGOnc (“I&) = HQ/[(,n@fDo) + @en”JRtDd)] 

Ing= IR+FD%Fw/ATc or AT”c*BW 
De,,” = SA*BD%F*AF*ABS’CF/ATc OT AT”c*BW 

CR = apportioned target i”creme”tal canoe, risk. ““ides lEO5 
HQ = taz@t l,wxd quotient, mit,e~s 1.0 
RGOc = carci”‘,ge”ic co”@“,“& co”se”ti0” in ““‘fwe soil m calculated 
ROO~C = noncarcinogenic co-t contention in surface soil. nw’k calc”Med 
ATc = averaging time for carcinogen days 

*T”c = avelaging time for “o”c?Ki”oge”. days 

CF = conversion tianor. k&g 

CSFo = oral cancer slope faXor. (m&+day)-I 

CSFd = den”@ adjusted e~cer slope Factor, (m%ikg-day)-1 
RfDo = oral reference dose. mgkgday 

RtDd = den”& adiusted reference dose, m-day 

BD = exposore d&OR years 

EF = exposure frequauy, days/year 

IR = ingestion mle, m&y 
FI = Fraction Ingested unitless 

BW = body weight kg 

SA = ski” surface ‘area available for contaa, cm2 

AF = soil to ski” adherence factor, &a”2 
ABS = Absorption Factor, witless 

Target 
IcR_ 

*.ooB-05 

l.OOEOs 

1.00E05 
,.OOE05 

l.OOE05 

l.OOE05 
l.OOE05 

1.00E05 

-_ 

,.OOEOS 
__ 

__ 

__ 

_. 

__ 

rarget 
EL 

_- 
__ 
__ 
__ 
__ 
1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

$sorplior 
Fadof 

M 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.50 

0.010 

0.032 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

7.30EOI 
7.3OE+OO 

7.30E01 
7.30&02 

7.30&03 

7.30E+OO 
7.30E0, 

2.00E02 

__ 

_. 

1 .SOBtoO 
__ 

__ 

__ 

-_ 

_- 

__ 

__ 

__ 

__ 

_. 

_. 

_. 
__ 

_. 

5.00E02 

I.OOE+OO 

3.00~04 

7.00E02 

5.00%03 

3.OOE0, 

2.30&02 

8.00E05 

7,OOB-03 

25550 
9125 

IF-06 
cs (chemia, specifzc value) 

cs 
cs 
cs 
25 

250 

50 

0.5 

70 

5300 

0.032 

CS 

1.46ESlO 

1.46Bial 

,.46B+oo 

1.46s01 

,&B-02 

1,46B+o, 

I .46B+OO 

4.00E02 

_. 

__ 

,.58B+OO 

_. 

_. 

. . 

._ 

_. 

De”” Adj 

Ref. Dose 

p%-&dJJ 

._ 

._ 

._ 

. . 

._ 

. . 

. . 

._ 

2.50&02 

2.00EOl 

2.85~04 

1.4OB-02 

l.OOE03 

6.00E02 

,.,SE03 

1.6OE05 

,.40E03 

lngestian 

Dose 

c&x 

8.74,s08 
8.74B08 

8.74&08 
8.748-08 

8.74B08 

8.74&08 
8.748-08 

8.74BOB 

8.74&08 

8.74,s08 

8.74B08 

8.74B08 

8.748-08 

8.74E08 

8.748-08 

8.748-08 

8.74B08 

Dermal 
Do% 

care 

5.93&08 
5.93&08 

5.93G08 
5.93.B08 

5.93&08 

5.93EO8 
5.93&08 

5.93EO8 

2.96&07 

5.9x%09 

l.POE08 

5.93EOP 

5.93&09 

5.93B-09 

5.938-09 

5.938-09 

5.938-09 

2.4513-07 
2.45B07 

2.45EO7 
2.45B-07 

2.4.5B-07 

2.45B-07 
2.4x-07 

2.45E-07 

2.45,s07 

2.45EO7 

2.45&07 

2.4%07 

2.45%87 

2.458-87 

2.45&07 

2.45%07 

2.45E-07 

T -EGG- 
cart 

pi&& 
,.66E-07 66.53 
,.66B-07 6.65 
1.66&07 66.53 
1.6613-07 665 

,.66&07 6,653 

1.66B-07 6.65 
,.66&07 66.53 
1.6672-07 2428 

_. 
__ 
-- 

__ 
__ 
__ 
__ 

8.30&07 _. 26,259 

1.66%08 

5.3,&08 

,.661;,08 

1.6@,-08 

1.6~08 

1.66%08 

1.6621.08 

1.66%08 

_. 

62.12 
__ 
_. 

_. 

__ 

__ 

_. 

i 

,.052.56 

998 

213.680 
15,263 

915.77, 

39,895 

244 

21.368 

9 



FUTURE RESIDENTlAL ADULT 
SOIL EXPOSURE ASSESSMENT-PRELIMINARY REMEDIATION GOALS @‘RGs) 

COMBINSD INGESTION AND DERMAL ROUT,% OF EXPOSURE 

SSAI‘I 

,‘+--+‘AL WEAPONS STATION YORKTOWN 
U‘TOWN, VIRGINIA 

R‘iOc (“I&) = lcR/[(lng *CSFo)+ (DemPCSFd)] 

RCO”,Z (mpn;s) = HQ/[O”END~) + ‘P~fWl 

Ing = ,R%D”BF*CF/ATc or ATnc”BW 
De,“, = SA”W%F*AF”ABS*CF/ATc or AT”c*BW 

ICR = apportioned ,a@ incremental cancer risk. unittess LB-05 
HQ = ,a@ hard quotient, ““icless 1.0 

ROOc = cminoSmic co- concentration in surface so& mglkg calculated 
RGOne = no”cardnoStic con- concentration in surface soil mgni calculated 

ATc = averaging time for carcinogeh days 

ATnc = averaging time for “o”cw5no~eq days 

CF = conversion factor. km 

CSFo = oral cancer slope factor, (m&g&y)-1 

CSFd = d&y adju-ted cancer slope factor, @ng!kg&y)-1 

RfDo = oral reference dose. “@g-day 

RfDd = dermally adjusted reference dose, n@xg-day 

W = exposnrp duraticm, years 

EP = exposure frequency, day+ar 

tR = ingestion rate. mglday 
BW = body wei& kg 

25550 
8760 

IS-06 

CS (chemical specific value) 

s*= skk surface maavailable for cuntact, cm2 

AF = soil to skin adherence factor. m&n2 

ABS = Absorption Factor, willess 

co- 
Cardnogenk PA&.: 

t- 
Benzo(a)anUlrafene 

Be”=‘@)pyrene 
BenzoibltlUOranlh0”0 

de”o(l.23-cd)pyTe”l 

hawk 
.iN”IllS: 

HMX 

1norgao1cr: 

Ahmli”ll”l 

Arsenic 

Barium 

cbxonliu”l 

h-0” 

Target 
-EL 

l.OOG05 

l.OOE05 

1 .OOE05 

I.OOE05 

1.00G05 

l.OOGO5 
I.OOE-05 

I.OOG05 

__ 

__ 

1.00E05 

__ 

._ 

__ 

._ 

Targel 

&CL 

__ 

__ 

__ 

1.0 

1.0 

1.0 

1.0 

1.0 
1.0 

1.0 

1.0 

1.0 

P Ssorption 
F** 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.50 

0.010 

0.032 

0.010 

0.010 
0.010 

0.010 

0.010 

0.010 

7.30GOI 

7.3owOo 

7.30EOI 

7.30&02 
7.30&03 

7.3OE-MO 

7.3OGOl 

2.00E02 

._ 

._ 

1.50Eco0 
._ 

._ 

._ 

._ 

._ 

__ 

CS 

CS 

CS 

24 

350 

100 

70 

5300 
0.2 

CS 

kmlally A4 

lope Facto, 

“p/kg-day)- 

)erm. 
Ref. Dose 

- I 
-kGGi- 

Dose 

Nonax 

__ 

__ 

_- 
__ 

__ 

,.46E+OO 

,.46E+oI 

,.46E+OO 

1.46E01 
1.40502 

,.46E+OI 

1.46EMO 

4.OOG02 

_. 

_. 

_. 

_. 

_. 

_. 
_. 

_. 

4.98GO7 

4.98GO7 

4.98GO7 

4.98E07 
4.98G07 

4.98G07 

4.98&07 

4.98Go7 

1.37E-06 

1.37E-06 

1.37G06 

1.37G06 

1.37G06 

1.37G06 

1.3~06 

1.37G06 

1.45&06 

1.45GO6 

1.45GO6 

1.45G06 

1.45GO6 

1.45&06 
1.45&06 

1.45GO6 

9.35 

0.93 

9.35 

93 
935 

0.93 

9.35 

341 

_- 

_. 

_. 

. . 

_- 

__ 

__ 

5.00E02 __ 2.5OGO2 4.708-07 2.49E06 1.37!%06 7.26&06 __ 3,147 

1.00E+00 

3.OOGO-l 

7.OOE02 

5.00&03 

3.00EOI 

2.30&02 

8.00E05 

7.00EO3 

__ 

1.58E+oO 
_. 

_. 

_. 

__ 
__ 

__ 

2.0OG01 

2.85E-04 

1.40G02 

I.OOE-03 

6.00E-02 

1.15GO3 

1.60E-05 

1.40E03 

4.7OGO7 

4.708-07 

4.708-07 

4.708-07 
4.70&07 

4.70G07 

4.7oB-07 

4.7oS-07 

4.98GO8 

1.59G07 

4.98E-08 

4.988-08 
4.98&08 

4.98GO8 

4.98E-08 

4.98GO8 

1.37GO6 

1.37G06 

1.37E-06 

1.3~06 
1.37GO6 

1.37G06 

1.37G06 

1.X&06 

1.45&07 

4.65GO7 

1.458-07 

,.45&O, 

1.4%07 

3.45G07 

1.45Go7 

1.45G07 

__ 

IO.46 

__ 

._ 

__ 

_.. 

__ 

477.124 

161 
33,399 

2.386 
143,137 

5.381 
38 

3,340 



FUTURE RESIDENTLALCHILD 
SOIL EXPOSURE ASSESSMENT-PRELIMINARY REMEDIATION GOALS (PRGs) 

COMBINED INGESTION AND DERMAL ROUTE.9 OR EXPOSURE 

SS.414 

AL WEAPONS STATION YORKTOWN 

KTOWN, VIRGINIA 

RGOc (,I@@ = ICW[(Ing *CSFo)+ @e”n*CSFd)] 

RKmc (mgkg) = HQl[(lng!RfDo) + @e-d)] 

big= lR*BD*EF*m,*Tc or *TnccBw 

De,,,, = SA*BD*EF*AF*ABS*CF/ATc or ATnc’BW 

ATc = aversging lime-for carcinogen, days 

ATnc = averaging time for noncarcinogen. &ys 

CF = conversion faaor. kglmg 

CSFo = oral cmce~ slope factor. (“@&ay)- l 

CSFd = denn&y adjnsizd cmcer slope factor. (m&-day)-1 

REM = oral reference dose. w&g&y 

F.IDd = dentally adjuied reference dose, m@g-day 

iiD = exposurr dw&io% years 
EF = exposure frequency, days+% 

R = ingestion rate. mg!day 

BW=bodyweight.kg 

CO- 

cardnoeerdc PAIIX 

Target 

x 

1 .ooF.-05 

1.OOG05 

l.OOE-05 

,.00G05 
I.OOE-05 

,.OOE05 

,.OOE-o5 

I.OOE-05 

__ 

__ 

l.OOE05 
._ 

Target 
LL 

__ 
_. 
__ 
_. 
__ 

__ 

1.0 

1.0 

1.0 
1.0 

10 

1.0 

1.0 

1.0 

1.0 

Usorp(ion 
F&30* 

(uniths) 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.50 

0.010 

0.032 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

SlO&W 
FZV%X 

n&day)-1 

7.30E0, 

7.3OEHO 

7.30E0 1 

7.30%02 
7.308-03 

7.3OE+OO 

7.30E01 

2.00E-02 

__ 

__ 

._ 

__ 
._ 

__ 

__ 

__ 

1.46WOO 

I .46&a 1 

1.46Etoo 

1.46%01 

,.46&O* 

1.46mO1 

1,46E+OO 

4.00s02 

$.OOE-02 _. 

__ l.OOE+OO _. 

,.50E+00 3.00G04 l.SSEMlO 
-_ 7.00E02 _. 

__ 5.00E03 _. 

-_ 3.OOGOl ._ 

_- 2.30&02 __ 

__ 8.00EOS __ 

__ 7.00E03 _. 

25550 

2190 

E-06 

cs 

cs 

cs 

CS 

6 

350 

200 

I5 

2006 

(chemical specific value) 

0.2 

cs 

Derm. Adj. 
Ref. Dose 

(m.g/kg-day) 

_- 

__ 

__ 

__ 

.- 

__ 

__ 

_. 

2.50s02 

2.00E0, 

2.85E-04 

140E02 

1.00E03 
6.00E02 

l.lSGO3 
1.60G05 

,.‘lOE-03 

rngestion 

Dose 

a 

-cizEi- 

Dose 

cart 

Roe 
cbc 

2?!&2 

,.lOE06 2.2nE07 1.2sE05 2.56E-06 8.92 

,.*oE-06 2.20E07 ,.2SE05 2.56E-06 0.89 

,.,OE06 2.20B07 ,.2SE05 2.56E-06 8.92 

l.,OE-06 2.20&07 1.23B05 2.56E-06 89 
L.1OE-06 2.20E07 1.2x-05 2.56E-06 892 

,.,OE06 2.2OE-07 ,.?m-05 2.56E-06 0.89 

l.lOE-06 2.20E07 ,.ZSEO5 2.56E-06 8.92 

l.lOE-06 2.20&07 1.288-05 2.56E-06 326 

,.,OE06 ,.,OE06 ,BE-05 

,.r!sE-05 

,.2sE05 

,.?a&05 

1.2SE05 
1.28E05 

,.2aE05 

,.28F.-05 

,.2x-05 

-- 

,.2sE-05 

,.,OE-06 

l.lOE-06 

l.lOE06 

,.lOE06 

1.1OE~06 

,.,OF.-06 

l.lOE-06 

L.1OE-06 

2.20E08 

7.03&08 

2.20E08 

2.20&08 

2.20E08 

2.20,s08 

2.20E08 

2.2OE08 

2.56%07 

8.2,&07 

2.56&07 

2.56B07 
2.56E07 

2.MEO7 
2.56,%07 

2.56E-07 

__ 

__ 

5.70 
._ 

._ 

._ 

.- 

__ 

__ 

Roe 
mncarc 
L2?&& 

__ 

__ 
1.301 

71.085 

22 

4.976 

355 
21.325 

1.254 

6 

498 



CURRENT ADULT TRESPASSER 
SOIL EXPOSURE ASSESSMENT-PRELIMINARY REMEDIATION GOALS (PRCs) 

COMSlFrED INGESTION AND DERMAL ROUTES OF EXPOSURE 
SSA14 

;--V’AL WEAPONS STATION YORKTOWN 

UCTOWN, VIRGINIA 

RWc (,,I&$ = ,nU[(hq *CSFo)+ (Dexm’CSFd)] 

RWnc h&W = HQULngiRfDo) + P-d)1 

Ing = IR%D”EF”‘WATc or ATnc’BW 
Dam = SA%D+EF*AF*ABS*CF/ATc or ATnc’%W 

where: 

CSFd = &rmcdly adju.&d cancer’sl~pefador. @g&g-day)-* 
RDo = oral reference dose, “@g-day 

RfDd = d&y aajusted reference dose, mgkg-day 

ED = exposure duration. years 

EF = exposure freqnency, dayslyeax 

JR = ingestion rate, ltlg!day 

Fl = Fraction tngested, “nitless 
BW = body we&J& ke, 

SA = ski,,~s,,rf& a&, available for co”&t. cm2 

AF = soil to skin adherence factor. me/cm2 

- ABS = Absorption Fator. widen 

Note: Inputs BIG scenario and site specific 

lconr;munant 

leno(l,23-cd)pyrew 

,arbazole 

Nltnmlnes: 

HMX 

Inorganks: 

Ablmimm 

h4agame 

Thallium 

Vanadium 

Target 
ICR 

1.00E05 

1.00E05 

1.00E05 

l.OOE-05 

l.OOE05 

,.OOE05 

,.00E05 

I.OOG05 

__ 

,.OOGO5 
__ 

__ 

_- 

__ 

_. 

-. 

Target 

EL 

__ 

_- 

__ 

__ 

__ 

__ 

LO 

1.0 

I.0 

I.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0.50 

0.010 

0.032 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 

Slope 

Factor 
gkgday)-I 

7.30EOl 

7.3owOo 

7.3OEOl 

7.30GO2 

7.30803 

7.3OE+oO 

7.30GOI 

2.0OE02 

__ 

-_ 

,.5OEHlO 
__ 

._ 
__ 

_. 

__ 

_- 

lNpuTs 

lE-05 
1.0 

calcubaed 

calculated 

25550 

10950 

lG06 

CS (chemical specific value) 

CS 
CS 

cs 
30 

52 

100 

0.5 
70 

5300 
0.2 

cs 

Denn Adj. 

Ref. Dose 

- 

__ 

__ 

__ 

__ 

__ 

__ 

,.46E+Oo 

1:46E+ol 

1.46E+Oo 

I .46GO I 

IA6E-02 

*.46E+c* 

LA6EulO 

4.ooFA2 

4.36Go.s 9.2X-08 

4.36&08 9.25E08 
4.36G08 9.25G08 

4.36&08 9.25IGos 
4.36&08 9.25G08 

4.36&08 9.25G08 
4.36G08 9.25G08 

4.36E-08 9.25&08 

5.00G02 2.50E02 4.36G08 4.62G07 

I .OOE+oO _. 2.00G01 4.36&08 9.2.5Gos 

3.00GO4 1.58E+oO 2.85~.04 4.36&08 2.96G08 

7.00EO2 . . 1.40G02 4.368-08 9.25E-09 

5.0OG03 _. I.OOE03 4.36G08 9.25E09 

3.0OE01 . . 6.OOG02 4.36&08 9.25GO9 

2.30&02 __ l.l5E-03 4.36BOS 9.25&09 
S.OOG05 __ 1.6OEo5 4.36GOS 9.25G09 

7.OOG03 __ 1 AOG03 4.36&08 9.25G09 

I ingestion 

Dose 

NOIK2.E 

1.07.G07 

,.o?.Go7 

,.02Go7 

1.02Go7 

1.07.G07 

,.02G07 

*.02E-07 

1.02Go7 

1.02Go7 

1.02Go7 

1.02Go7 

1.07%07 

1.02G07 

1.02Go7 

,.02G07 
*.02&07 

1.02G07 

2.16G07 

2.16X-07 

2.16GO7 

2.16G07 

2.16G07 

2.16GO7 

2.16G07 

2.,6&07 

1.08G06 

2.168-08 

6.908-08 

2.168-08 

2.,6&08 

2.168-08 

2.16&OS 
2.16,&o* 

2.16G08 

RW 
Nanearc 

LJ!?Em 

__ 
__ 
._ 

-- 
__ 

22.133 

4.770.351 

I.720 

333.925 

23.852 
1.431.105 

43,133 
382 

33,392 



CURRENT ADOLESCENT TRESPASSER 
SOIL EXPOSURE ASSESSMENT-PRELIMINARY REMEDUTION GOALS (PRGS) 

COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
SSA 14 

/-wu WEAPONS STATION YORKTOWN 

KTOWN, VIRGINIA 

RGOc (m@@ = ICR,[(& “CSFo)+ (Demt’CSFd)] 

RWnc h@d = HQNWDo) + -31 

Ing = lR’ED*IiF*cF,ATc or AT,,c’BW 

Dam = SA*ED”EF*AF*ABS*CF/ATC or ATnc*BW 

lE05 

1.0 

calculated 

calculated 

25550 

3285 

LE.06 

cs (chemical 8p&ic value) 

RfDo=oralnf&&e dose,,n&g-day - - 

RfDd = demmXy adiusted reference dose. mrJkedw 

ED = e-e &lmiion. years 
_ _ 

EF = exposure ftequency, days/year 

lR = ingestion rate. mg!day 

FI = Fmcdon Ingsted, unitless 
BW=bodyweight, 

SA = skin surface area a”abble for contact cm2 

AF = soil to skin adherence factor, m&m2 

ABS = Absorption Factor, unitless 

mger 
L!sL 

-_ 
__ 
__ 
_- 
__ 
1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

0. LO 

0.10 
0.10 

0.10 

0.10 

0.10 
0.10 

0.10 

0.50 

0.010 

0.032 

0.010 

0.010 

0.010 

0.010 

0.010 

0.010 I 

.%pe 
Fador 

~dkg-dW 

7.3OGOl 

7.3OE+oO 

7.3OGOl 

7.30G02 

7.30803 

7.3OE+OO 
7.30E01 

2.00E02 

_- 

1.5OE+oO 
._ 

-_ 

__ 

__ 

1 ( 

CS 

CS 

cs 

9 

52 

100 

0.5 
37 

3925 

0.2 

CS 

__ 

_- 
__ 

._ 

._ 

._ 

5.OOG02 

1.OOE+oO 

3.00G04 

7.00G02 

5.00E03 

3.00EOl 

2.30&02 

8.00E.05 

7.00E03 

-zGr 
IJose 
can 

*.46%00 

1.46Efol 

*.46E+Oo 

1.46G0, 

1.46GO2 

*.46E+0* 
,.46E+oo 

4.00E02 

__ 2.4*,&O* 3.89GO8 1.93EO7 3.02G07 

2.48G08 3.89GO8 3.93&07 3.02G07 
2.48EO8 3.89GO8 ,.93&07 3.02G07 
2.48G08 3.89GO8 1.93G07 3.02Go7 
2.4*F.-O* 3.89&08 1.93G07 3.02G07 

2.48G08 3.89G3-08 ,.93E-07 3.07.G07 
2.48G08 3.89E-08 1.93GO7 3.02Go7 

2.48G08 3.89&O* 3.93E-07 3.02G07 

__ 2.5OE02 2.48GO8 1.94&07 

__ *.ooE-0, *.48&O* 3.898-09 

1.58BtOO 2.*5&04 2.4*&08 1248.08 
_. 1.4OG02 2.48&08 3.*9&09 
_. I .OOGO3 2.488-08 3.89&09 
. . 6.00G02 2.4X-08 3.89&09 
_. 1.15Go3 2.4*&08 3.89&09 
_. 1.60E05 2.4*&O* 3.89&09 
__ 1.4OG03 2.48&08 3.89&09 

1.93GO7 

,.93GO7 

1.93G07 

I .93B07 

1.93G07 

1.93B07 

1.93G07 

1.93&07 

I ,938.07 

l.$lE-06 

3.02G08 

9.6%3-O* 

3.02GO8 

3.02GOS 
3.02E-08 

3.0%08 

3.02&08 

3.02Gos 

__ 

__ 
__ 

__ 

__ 

__ 
__ 

__ 

15,552 

1909.933 

1.019 

203.695 

L4.550 

872.980 

28.857 

233 

20.370 





Back-Calculated Concentrations for Site 2 . 
Naval Weapons Station Yorktown 
Yorktown, Virginia 

Short-Tailed Shrew 
(Less Conservative Inputs) 
Body Weight 
Food Ingestion Rate 
Water Ingestion Rate 
Soil Ingestion Rate 

0.0167980 kg 
0.0093229 kg/day 
0.0037459 L/day 
0.0009672 kg/day 

lene I 4.2 0 4.2 12.572828789 1 1.3 2.6 1.98E+OO 1 9.90E-01 

HQ, _ Hazard Quotient based on the NOAEL 
HQ, _ Hazard Quotient based on the LOAEL 



Back-Calculated Concentrations for Site 2 
Naval Weapons Station Yorktown 
Yorktown, Virginia 

American Robin 
(Less Conservataive Inputs) 
Body Weight 
Food Ingestion Rate 
Water Ingestion Rate 
Soil Ingestion Rate 

0.0810200 kg 
0.0976300 kg/day 
0.0113400 L/day 
0.0292890 kg/day 

ECOC 

Soil Water Invertebrate 
Concentration Concentration Concentration Dose NOAEL LOAEL NOAEL LOAEL 

Owk) (w6> Mwks) OWkNw) bwkVday) OwWcW H% HQI 
Cobalt 6.3 0 6.3 9.869040978 1 10 9.87E+OO 9.87E-01 
Copper 1.48 0 1.48 2.318441373 0.235 2.35 9.87E+OO 9.87E-01 
Mercury 0.06 0 0.06 0.093990866 0.01 0.1 9.40E+OO 9.-lOE-01 

HQ, _ Hazard Quotient based on the NOAEL 
HQ, _ Hazard Quotient based on the LOAEL 



Back-Calculated Concentrations for SSA 14 
Naval Weapons Station Yorktown 
Yorktown, Virginia 

American Robin 
(Less Conservataive Inputs) 
Body Weight 
Food Ingestion Rate 
Water Ingestion Rate 
Soil Ingestion Rate 

0.0810200 kg 
0.0976300 kg/day 
0.0113400 L/day 
0.0292890 kg/day 

HQ,, _ Hazard Quotient based on the NOAEL 
HQ1 _ Hazard Quotient based on the LOAEL 



. . 

i? 

Back-Calculated Concentrations for SSA 14 
Naval Weapons Station Yorktown 
Yorktown, Virginia 

Short-Tailed Shrew 
(Less Conservative Inputs) 
Body Weight 
Food Ingestion Rate 
Water Ingestion Rate 
Soil Ingestion Rate 

0.0167980 kg 
0.0093229 kg/day 
0.0037459 L/day 
0.0009672 kg/day 

Mean Concentrations 

oncentration 

HQ,, _ Hazard Quotient based on the NOAEL 
HQ, _ Hazard Quotient based on the LOAEL 



Back-Calculated Concentrations for SSA 14 
Naval Weapons Station Yorktown 
Yorktown, Virginia 

Red Fox 
(Less Conservative Inputs) 
Body Weight 
Food Ingestion Rate 
Water Ingestion Rate 
Soil Ingestion Rate 

5.0000000 kg 
0.3200000 kg/day 
0.2752000 L/day 
0.0090000 kg/day 

oncentratlon 

HC& _ Hazard Quotient based on the NOAEL 
HQ, _ Hazard Quotient based on the LOAEL 



Back-Calculated Concentrations for Site 8 
Naval Weapons Station Yorktown 
Yorktown, Virginia 

Short-Tailed Shrew 
(Less Conservative Inputs) 
Body Weight 
Food Ingestion Rate 
Water Ingestion Rate 
Soil Ingestion Rate 

0.0167980 kg 
0.0093229 kg/day 
0.0037459 L/day 
0.0009672 kg/day 

HQ, _ Hazard Quotient based on the NOAEL 
HQ1 _ Hazard Quotient based on the LOAEL 



Back-Calculated Concentrations for Site 8 
Naval Weapons Station Yorktown 
Yorktown, Virginia 

American Robin 
(Less Conservataive Inputs) 
Body Weight 
Food Ingestion Rate 
Water Ingestion Rate 
Soil Ingestion Rate 

0.0810200 kg 
0.0976300 kg/day 
0.0113400 L/day 
0.0292890 kg/day 

HQ, _ Hazard Quotient based on the NOAEL 
HQ, _ Hazard Quotient based on the LOAEL 

Water 
Concentration 

OwidJ.4 
0 

Invertebrate 
Concentration 

Owkd 
1.49 
1.91 
0.06 
88 

Dose 

Ow&ddw) 
2.334106517 
2.992042582 
0.093990866 
137.8532708 

NOAEL 

Owkddw) 
0.235 

LOAEL 
(mg/kg/day) 

2.35 

NOAEL 
HO, 

3.93E+OO 
3.97E+OO 
3.40E+OO 
3.92E+OO 

LOAEL 

HQI 
9.93E-01 



Back-Calculated Concentrations for Site 18 
Naval Weapons Station Yorktown 
Yorktown, Virginia 

Great Blue Heron 
(Less Conservative Inputs) 
Body Weight 
Food Ingestion Bate 
Water Ingestion Rate 
Sediment Ingestion Rate 

2.2680000 kg 
0.4082500 kg/day 
0.1020600 L/day 
0.0360000 kg/day 

Sediment Water Fish 
Concentration Concentration Concentration Dose NOAEL LOAEL NOAEL LOAEL 

@MU @W-b) HQl 
Copper 11.9 0 11.9 2.330941358 0.235 2.35 9.92E+OO 9.92E-01 
Iron 5100 0 5100 998.9748677 100 1000 9.99E+OO 9.99E-01 

NA - Not Available 
Ha _ Hazard Quotient based on the NOAEL 
HQi _ Hazard Quotient based on the LOAEL 





1 4-AMINO-Z,S-DINITROTOLUENE 

4m 

16372eFs 1 inoh = 400 ft. BakrBwkommwbE 

Jsgl!!Q FIGURE B-l 
DRMAGE l SON. SAMPLE LOCATlON 
MARSH 

ORGANIC CONTAMINANTS OF CONCERN 

;; R?x’MATE 
N4 NOT ANALYZED EXCEEDING FINAL REMEDIATION GOALS 

BOUNWW NOTES: 1) SAMPLE LOCATIONS WITH NO TEXT BOXES IN SURFACE SOIL 
INDICATE THAT NO COC CONCENTRATIONS 
WEREABOMlHEFRGa. SITE 2 

2) CONCENlRAllONS IN RED tTAUCS INDICATE NAVAL WEAPONS STATION YORKTOWN 
SOURCE: IANTDIV, OCT. 1991 

INDICATE AN MCEEDANCE OF THE FRG. YORKTOWN, VIRGINIA 
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1 fnoh = 400 tt BaksrEftvk~b 

LEGEND 
SSl FIGURE B-2 

DWNAGE l 
SOIL SAMPLE LOCATlON INORGANIC CONTAMINANTS OF CONCERN 

STRUCTURE 

ERoxIMATE 
EXCEEDING FINAL REMEDIATION GOALS 

BOUNDARY NOTES: 1) NO TEXT BOX AT A SAMPLE 
LOCATION INDICATES THAT MERE 

IN SURFACE SOIL 
WERE NO COC CONCENTRATIONS 
MCEEDING THE FRGa. 

SITE 2 
2) CONCENTRATlONS IN RED ITAUCS 

INDICATE AND EXCEEDANCE NAVAL WEAPONS STATION YORKTOWN 
;OURCE: IANTDIV, OCT. 1991 OF ME FRG. YORKTOWN, VIRGINIA 
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37nFs linoh = 120 ft. 
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LEGEND 

6 
FIGURE B-3 iw SD01 

- SURFACE WATER AND SEDIMENT SAMPLE LOCATlON ORGANIC CONTAMINANT OF CONCERN EXCEEDING 2s 10 

Q - SEDIMENT SANPLEI LOCATION. JANUARY 1997 FINAL REMEDIATION GOAL 
-- ORAINAGE IN SURFACE WATER B - APPROXINATE SITE BOUNDARY 

SITE 2 
NOTEi NO TEXT BOX AT SAMPLE 

LOCATION INDICATES THAT THERE NAVAL WEAPONS STATION YORKTOWN 
HJRCE: IANTDIV, 1991 WAS NO COC (2,4,6-TNT) DETECTED. YORKTOWN, VIRGINIA 
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1 inch = 120 ft. Baker Bmbmmblk 

LEGEND 
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c 
FIGURE B-4 

- ~FELJ&~NAND SEDIMENT INORGANIC CONTAMINANTS OF CONCERN 
2s 10 

& 
- SEDIMENT SAMPLE LOCATION. 

JANUARY 1997 
EXCEEDING FINAL REMEDIATION GOAL 

@ - APPROXlUATE SITE BOUNDARY NOTES:l) NO TEXT BOX AT SAMPLE LOCATION 
IN SEDIMENT 

- - DRAINAQE 
INDICATES THAT THERE WERE NO COC SITE 2 - . . . 
CONCENTRATIONS EXCEEDING THE FRO. 

2) CONCENTRATIONS IN RED ITAUCS NAVAL WEAPONS STATION YORKTOWN 
OURCE: LANTDIV, 1991 INDICATES AN EXCEEDANCE OF THE FRC. YORKTOWN, VIRGINIA 



‘- -3 363725F 

L\MIIYU- E L-HMIIYU-UIlYIII(UIULUtNt 3‘tUU 

KIJX 500 u I I 4-AMINO- & 2-AMINO-DINITROTOLUENE 250 U 
RDX 500 u I 

I v-0 \Y.j, my, 

AROCLOR-1260 
EXPLOSIVES (q/kg) PCBS (ug/kg) 

A mvr n D- f 3cn fnnnn PCBS (us/kg) 
1 4-AMINO- & Z-AMINO-DINITROTOLUENE 350 I rsI.““YVI. ,.Q”” l”““” 

TOTAL 1NORGANICS (mg/kg) 
ALUMINUM 26300 
ARSENIC 5.9 
CHROMIUM 61.5 
COPPER 61.9 

_,. 

.--.. --^- 

_c f 

IK( IN 1 tisuu .- 
00 ‘.‘,, L&AD 129 

dk I KGWF 05.5 - MANGANESE 227 
1 54 J ‘,.., MERCURY 0.91 

I 
,-,, ,, . .,, *, .--- 
MERCURY 0.1 L ; THALLIUM ND _I 

g%$SE 

4-AMINO- & 2-AMINO-DINITROTOLUENE 250 U 
THALLIUM 
ZINC I 

I 

“f 1 i%i~~~ 

I 

, 
,\lr, 

\ 
MERCURY 0.05 u I 

f 

ARSENIC 
CHROMIUM 

& &L 
COPPER 
IRON 
LEAD 
MANGANESE 
MERCURY 
THALLIUM 
ZINC 

TOTAL INORGANICS (mg/kg) I 

24600 
10.3 I 

L 3HMrLtU VI/ IO/YI 

IVOLATILES (ug/kg) 
.,a AL CARCINOGENIC PAHs 3075 
PCBs (ug/kg) 
AROCLOR- 1260 2400 U 
EXPLOSIVES (ug/kg) 
RDX 500 u ,\ 

TOTAL INORGA,.,,, \ann2, r,%, / 
ALUMINUM 12dOO 

I 

MANGANESE 99.9 J 

ARSENIC 1il.l J MERCURY 0.06 U -. . 
ND ! 

\ i \ CHROMIUM 
‘i, \ COPPER 

\, 
IRON 

; 
: ‘\\ LEAD \ 

\ \ MANGANESE 

3i.i 

312do 

30.4 J 1 

16.5 
A’ 

121 J 
‘\ 

0106 UL 
0~82 K 
4p.8 J 

4-AMINO- & 2-AMINO-DINITROTOLUENE 2600 4-AMINO- & 2-AMINO-DINITROTOLUENE 2200 
fl TOTAL INORGANICS (mg/kg) 

ALUMINUM 11500 m ALUMINUM 9820 \\ 
ARSENIC 5J ARSENIC 5.4 J \ 

CHROMIUM 28.4 CHROMIUM 29.7 
COPPER 41.3 COPPER 40.1 

l&L IRON 11700 IRON 11400 \ 

1 inch = 60 ft. 

\ FIGURE B-5 
- STAFF GAUGE 

0 - PIEZOMETER 

0 - SOIL HUKINti -- DRAINAGE 
OF COtjCERN EXCEEDING FINAL REMEDIATION GOALS 

I- STRUCTURE - 1 nnn,..re.. .Ir -a-r i IN SURFACE SOIL - SITE 8 
I 

EDANCE OF THE FRG. 
I 

$AVAL WEAPONS STATION YORKTOWN 

I YORKTOWN, VIRGINIA I .s&L EXCEI 
SOURCE: LANTDIV. 1991. 



/ ,’ 
’ SAMPLE NO.. 

DATE SAMPLED 
VOLATILES (us/L) 
TRICHLOROETHENE 
1 ,I -DICHLOROETHENE 
CHLOROFORM 
EXPLOSIVES (ug/L) 

8GWOl A-001 ’ 
01/29/97 r 

10 u 
10 u 
3 J- 

4-AMINO- & Z-AMINO-DINITROTOLUENE 4.2 
RDX 0.5 II 
2,4,6-TRINITROTOLLJENE 0.2 l/ 
DISSOLVED INORGANICS (ug/L) 
ARSENIC 3.8 

I 
SAMPLE NO. 8GWOl-001 
DATE SAMPLED 01/29/97 

3 
TRICHLOROETHENE 8J 
1 ,l -DICHLOROETHENE 10 u 
CHLOROFORM 10 u 
EXPLOSIVES (us/L) 
4-AMINO- & Z-AMINO-DINITROTOLUENE 61 

1 RDX ZSONJi 
_’ 

I 
BARIUM 447 
THALLIUM 6.1 k 

2,4,6-TRINITROTOLUENE 20 u 
DISSOLVED INORGANICS (ug/L) 

djl, 
ARSENIC 2u j 
BARIUM 23.6 “,, 

SAMPLE NO. 
DATE SAMPLED 
VOLATILES (ug/L) 
TRICHLOROETHENE 

8GW02-001 
01/29/97 

10 u 
1, l- DICHWROETHENE 12 
CHLOROFORM 5J 
EXPLOSIVES (ug/L) 
I-AMINO- & 2-AMIN~DINITROTOUIENE 200 
RDX 300 
2.4.6-TRINITROTOLUENE 170 
DISSOLVED INORGANICS (ug/L) 
ARSENIC 2.6 
BARIUM 19.1 
THALLIUM 8.8 K 

CHLOROFORM j 10 u 
EXPLOSIVES (ub/L) 
Q-AMINO- & 2yAMINO-DINITROTOLUENE 2 
RDX 21 NJ 
2,4,6-TRINITROTOLUENE 1u 
DISSOLVED INOAGANICS (ug/L) 
ARSENIC 5 
BARIUM i 15.2 
THALLIUM 4.6 K 

SAMPLE NO. 8GW02-001 D 
DATE SAMPLED 01/29/97 
VOLATILES (us/L) 
TRICHLOROETHENE 10 u 
l,I-DICHWROETHENE II 
CHLOROFORM 5J 
EXPLOSIVES (ug/L) 
I-AMINO- & 2-AMINO-DINITROTOLUENE 170 
RDX 300 
2,4,6-TRINITROTOLUENE 160 

DISSOLVED INORGANICS (ug/L) 
ARSENIC 2.6 
BARIUM 18.2 
THALLIUM 4.5 K 

0 30 60 

I 
/ 1 inch = 60 ft. 

\ 
LEGEND 

8GWOl 
+a - SHALLOW MONITORING WELL FIGURE B-6 

BGWOIA 

d - DEEP MONITORING WELL 
ORGANIC AND INORGANIC CONTAMINANTS OF CONCERN 

- DRAINAGE 
EXCEEDING FINAL REMEDIATION GOALS 

m - APPROXIMATE SITE BOUNDARY I IN GROUNDWATER - SITE 8 
a - STRUCTURE 

& - MARSH 

SOURCE:ANTOIV. 1991. 

NOTE: CONTAMINANTS OF CONCERN IN RED 
ITALICS INDICATE AN EXCEEDANCE 

I 

I~AVAL WEAPONS STATION YORKTOWN 
OF THE FRG. YORKTOWN, VIRGINIA 



-..fWNIC AREA 

I 
I 
I 1 

LEGEND 
18SW/SDDS 

ff 
- SURFACE WATER AND SEDIMENT SAMPLE LOCATION 

- STRUCTURE 

r;; 
- APPROXIMATE SITE BOUNDARY 

NOTE: CONTAMINANT OC CONCERN IN RED ITALICS INDICATE 
AN EXCEEDANCE OF THE FRO. 

SOURCE: IANTDIV. 1 991 - 

FIGURE B-7 
INORGANIC CONTAMINANT OF CONCERh 
IN EXCEEDING OF FINAL REMEDIATION 

GOAL IN SURFACE WATER 
SITE 18 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 



-.- PICNIC AREA 
-~mD*------L 

18SDlO-01 
DATE YJlPlED 02/01/97 
TOTAL INDRGANICS (ma/ka) 
COPPER 7 
IRON 7&l 

NGRGANICS (ma/ka) 

IRON 

I ssw/sws 
LEGEND 

6l!l - SURFACE WATER AND SEDIMENT SAMPLE LOCATlON 

\- DRAlNAGE 

linch=300 ft. 

- - FENCE 

cl - STRUCTURE 

- APPROXIMATE SlTE BOUNDARY 

I NOTE: CONTAMINANTS OF CONCERN IN RED ITALlCS INDICATE AN 
EXCEEDANCE OF AN FRG. 

I SOURCE: LANTDIV. 1991. 

FIGURE B-8 
INORGANIC CONTAMINANTS OF CONCERN 

I IN EXCEEDANCE OF FINAL REMEDIATIOI 
GOAL IN SEDIMENT 

SITE 18 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 
I 



LEGEND 

linch=lOOft. 

At WOI 
3 - MONITORING WELL (RAKER 1997) 

- SOIL GORING 

- DRAMAGE 
Al&. - MARSH 

- STRUCTURE 
- APPROXIMATE SlTE BOUNDARY 

NOTE: CONTAMINANT!3 OF CONCERN IN RED ITALlCS INDICATE 
AN EKCEEDANCE OF THE FRG. 

SOURCE: IANTDIV. 199 1. 

AIlL 

dk 

/ 

iIlL 

ilk 

I I 

SAMPLE NO. ’ Al 4SBO3-00 
DATE SAMPLED 01/18/97 
SEMIVOLATILES (ug/kn) 
TOTAL CARCINOGENIC PAHs 1940 
EXPLOSIVES (w/kg) 
ZiMx 17,000,000 
TOTAL INORGANICS (ma/kg) 
ALUMINUM 9980 
ARSENIC 3.2 J 

BARIUM 2460 
CHROMIUM 30.8 
COPPER 113 
IRON 14600 
LEAD 124 
MANGANESE 115 J 
MERCURY .28 L 
THAWUM 1.8 K 
VANADIUM 
ZINC 3kl 

‘< 

ilk A14SB03 - 
dk A 14SBO2 

SAMPLE NO. Al 4S802-00 
DATE SAMPLED 01 /18/97 
SEMIVOLATILES (ug/ka) 
TOTAL CARCINOGENIC PAHs ND 
EXPLOSIVES (udka) 
HMX 4000 
TOTAL INORGANICS (mty/ka) 
ALUMINUM 9520 
ARSENIC 8.3 J 
BARIUM 14.2 
CHROMIUM 22.3 
COPPER 
IRON l8:ii 
LEAD 12.4 
MANGANESE 44.1 J 
MERCURY 0.09 UL 
THALLIUM 1u 
VANADIUM 36.1 
ZINC 30.8 J 

0 
1782 

ARSENIC 
BARIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
MANGANESE 
MERCURY 
THALLIUM 
VANADIUM 

2:: 
2915 
6.4K 

20900 
il.7 
58.1 
0.06 U 
0.76 U 
28.6 

ZINC 41.7 J 

SAMPLE NO. Al 4S801-000 
DATE SAMPLED 01/19/97 
SEMIVOLATILES (ua/ka) 
TOTAL CARCINOGENIC PAHs ND 
EXPLOSIVES (ug/ka) 
HMX 500 u 
TOTAL INORGANICS (ma/kg) 
ALUMINUM 12600 
ARSENIC 
BARIUM 
CHROMIUM 
COPPER 
IRON 
LEAD 
MANGANESE 
MERCURY 
THALLIUM 
VANADIUM 

399.: 
3019 

7K 
22800 

16.2 
58.8 
0.06 U 

1.2 K 
35.9 

ZINC 

: / \ 
SAMPLE NO. Al 4SBO4-00 
DATE SAMPLED 01/19/97 
SEMIVOLATILES (&kg) 
TOTAL CARCINOGENIC PAHs ND 
EXPLOSIVES (u&kg) 
HMX 810 
TOTAL INORGANICS (ma/kg) 
ALUMINUM 18200 
ARSENIC 14.5 
BARIUM 36.9 
CHROMIUM 39.4 
COPPER 20.5K 
IRON 28600 
LEXD 39.3 
MANGANESE 269 
MERCURY 0.29 
THALUUM 2.7 U 
VANADIUM 85.3 
ZINC -141 J 

‘.. 

FIGURE B-9 
ORGANIC AND INORGANIC CONTAMINANTS 

OF CONCERN EXCEEDING FINAL 
REMEDIATION GOALS IN SURFACE SOIL 

SSA- 14 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 
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SAMPLE NO. 8SBO4-00 

&%CS (rnq,f;{;;;; 

\ SAMPLE NO. 
A!k 

8SBO7-00 
\ DATE SAMPLED al/la/97 
‘TOTAL INORGANICS (mq/kq) 
‘LEAD 50.6 
‘MERCURY 0.66 L 
IZINC 104 J 
I 

\ 

I 

I & 

1 SAMPLE NO. 
I /- 

8SE07-OOD 
DATE SAMPLED 
SEMIVOLATILES (uq/kq) 

01/78/97 

. TOTAL CARCINOGENIC PARS 3075 
TOTAL INORGANICS (mg/kq) 

LEAD 52. I 
MERCURY 0.68 L 
ZINC 94.8 J 

SAMPLE NO. 8SBO5-00 
DATE SAMPLED 
PCBS (us/kg) 

01/14/97 

AROCI.OR- 1260 10000 
TOTAL INORGANICS (mq/kq) 

LEAD 129 
MERCURY 0.91 
ZINC 249 

\ 

El 97A 

LEGEND 
BGWOl 

$ - SHALLOW MONITORING WELL 0 - STRUCTURE 

BSl304 
0 - SOIL BORING & - MARSH 

- . - - DRAINAGE 

- $ROXIMATE NOTE: CONTAMINANTS OF CONCERN 
IN RED ITALICS INDICATE AN 

BOUNDARY EXCEEDANCE OF THE FINAL RL 

SOURCE: LANTDIV, 199 1. 

--’ Lo m 60 0 

1 inch = 80 ft. 
6ak6r l3lammqh 

FIGURE C-4 
SELECTED ORGANIC AND INORGANIC CONTAMINANTS 

OF CONCERN EXCEEDING FINAL REMEDIATION LEVEL! 
IN SURFACE SOIL - SITE 8 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 



/ / / 363 

250 NJ 

> 

,\lr, 

EXPLOSIVES (ug/L) 
4-AMNO- & 2-AhUNO-DINITROTOLUENE 170 
RDX 300 

,\lr, 

\ 

I 

I 

8GWOl 
LEGEND 

6 - SHALLOW MONITORING WELL 

- . - - DRAINAGE 

- APPROXIMATE SITE BOUNDARY 

a. - MARSH 
NOTE: CONTAMINANTS OF CONCERN IN RED 

ITALICS INDICATE AN EXCEEDANCE 
SOURCE: LANTDIV. 199 1. OF THE RNAL RL 

1 inch = 60 ft. 

FIGURE C-5 
ORGANIC AND INORGANIC CONTAMINANTS OF CONCERI 

EXCEEDING FINAL REMEDIATION LEVELS 
IN GROUNDWATER - SITE 8 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 
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LEGEND 

linch=SOOfL 

1 SSW/SOOQ 
% u!! - SURFACE WATER AND SEDIMENT SAMPLE LOCATlON 

- DRAINAGE 

INORGANIC CONTAMINANT OF CONCERN 
IN EXCEEDING OF FINAL REMEDIATION 

LEVELS IN SURFACE WATER 

I 
I 

FIGURE C-6 

- APPROXIMME SlTE BOUNDARY 

NOTE: CONTAUINANT OF CONCERN IN RED ITAUCS INDICATE 
AN EXCEEDANCE OF THE FINAL RL 

SOURCE: IANTDIV, 199 1. 
L 

SITE 18 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN. VIRGINIA 
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1. 
CAMPING AND 

PICNIC AREA 

- --- --- ..w. 6 
I 

LEGEND 
1-m Q - SURFACE WATER AND SEDIMENT SAMPLE LOCATlON 

- . . -- DRAINAGE 

- - APRROXIMATE SITE BOUNDARY 

I 
0 - STRUCTURE 

I NOTEz CONTAUINANTS OF CONCERN IN RED ITALICS INDICATE AN 
EXCEEDANCE OF AN FlNAl. RL 

SOURCE: LANTDlV, 1991. 

FIGURE C-7 
INORGANIC CONTAMINANTS OF CONCERN 
IN EXCEEDING OF FINAL REMEDIATION 

LEVELS IN SEDIMENT 
SITE 18 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 
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FIGURE C-8 
ORGANIC AND INORGANIC CONTAMINANT5 

OF CONCERN EXCEEDING FINAL 
I REMEDIATION LEVELS IN SURFACE SOII 

SSA- 14 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 
I 

NOTE: CONTAMINANTS OF CONCERN IN RED ITALlCS INDICATE 
AN EXCEEDANCE OF THE FINAL RL 

SOURCE: IANTDIV. 1991. 
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/-, Phone Call Report 

Project/Location: Sites 2, 8 and SSA 14 S.O. No.: 62470 

WPNSTA. Yorktown Date: 9/22/98 

To: 

Repres.: 

Mr. William Mahaffey 

Pelorus Environmental Technology 
Cornoration 

From: Ellen Bj erklie 

Repres.: Baker Environmental. Inc. 

Phone No.: (303) 670-2875 Phone No.: (412) 269-6117 

Subject: bioslurry treatment of PAH contaminated soils 

Pelorus Environmental is a vendor for bioslurry technology for treatment for PAH-contaminated soils. Full scale 

systems have been operated. Treatment time may be lengthy. Mr. Mahaffey suggested that composting may be a 

faster treatment option. 135 cubic yards of soil may be the vary lowest volume that can be treated and still be cost 

effective. He suggested that the process should be run sequentially under aerobic and anaerobic conditions. 
f--. 

.--y, Prepared by: Ellen Bjerklie Title: Engineer Page: 1 of 1 
- - 

bee: 

C:\CT0363\FS\PHONE\PELORUS.WPD 



ECOVA CORPORATION (Bioslurry Reactor) Page 1 of 2 

ECOVA CORPORATION 

(Bioslurry Reactor) 

TECHNOLOGY DESCRIPTION: 

The ECOVA Corporation (ECOVA) slurry-phase bioremediation (bioslurry) technology aerobically 
biodegrades creosote-contaminated materials. The technology uses batch and continuous flow 
bioreactors to process polynuclear aromatic hydrocarbon (PAH)-contaminated soils, sediments, and 
sludges. The bioreactors are supplemented with oxygen, nutrients, and a specific inoculum of 
enriched indigenous microorganisms to enhance the degradation process. 

Because site-specific environments influence biological treatment, all chemical, physical, and 
microbial factors are designed into the treatment process. The ultimate goal is to convert organic 
wastes into relatively harmless by-products of microbial metabolism, such as carbon dioxide, tiater, 
and inorganic salts. Biological reaction rates are accelerated in a slurry system because of the 
increased contact efficiency between contaminants and microorganisms. The photograph below 
shows the bioslurry reactor. 

Bioslurry Reactor 

WASTE APPLICABILITY: 

The bioslurry reactor is designed to treat highly contaminated creosote wastes. It can also treat other 
concentrated contaminants that can be aerobically biodegraded, such as petroleum wastes. The 
bioslurry reactor system must be engineered to maintain parameters such as pH, temperature, and 
dissolved oxygen within ranges conducive to the desired microbial activity. 

STATUS: 

This technology was accepted into the SITE Demonstration Program in spring 199 1. From May 
through September 1991, EPA conducted a SITE demonstration using six bioslurry reactors at EPA’s 
Test and Evaluation Facility in Cincinnati, Ohio. 

ECOVA conducted bench- and pilot-scale studies to evaluate bioremediation of PAHs in 
creosote-contaminated soil from the Burlington Northern Superfund site in Brainerd, Minnesota, 

http://clu-in.com/site/complete/democomp/ecova.htm 10/15/98 
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Bench-scale studies were conducted before pilot-scale evaluations to determine optimal treatment 
protocols. EIMCO Biolift slurry reactors were used for the pilot-scale processing. Data from the 
optimized pilot-scale program were used to establish treatment standards for KOO 1 wastes as part of 
EPA’s Best Demonstrated Available Technology program. 

This technology is no longer available through ECOVA. However, the technology is being 
implemented by Walsh Environmental Scientists & Engineers. For further information on the 
technology, contact either the EPA Project Manager or the technology developer contact. 

DEMONSTRATION RESULTS: 

Results from the SITE demonstration indicated that slurry-phase biological treatment significantly 
improved biodegradation rates of carcinogenic 4- to 6-ring PAHs. The pilot-scale bioslurry reactor 
reduced 82 f 15 percent of the total soil-bound PAHs in the first week. After 14 days, total PAHs 
had been biodegraded by 96 * 2 percent. An overall reduction of 97 f 2 percent was observed over a 
12-week treatment period, indicating that almost all biodegradation occurred within the first 2 weeks 
of treatment. Carcinogenic PAHs were biodegraded by 90 * 3.2 percent to 501 f 103 milligrams per 
kilogram (mg/kg) from levels of 5,081 f 1,530 mg/kg. 

FOR FURTHER INFORMATION: 

EPA PROJECT MANAGER: 
Ronald Lewis 
U.S. EPA 
National Risk Management Research Laboratory 
26 West Martin Luther King Drive 
Cincinnati, OH 45268 
5 13-569-7856 
Fax: 513-569-7105 

TECHNOLOGY DEVELOPER CONTACT: 

http://clu-in.com/site/complete/democomp/ecova.htm 10/15/98 
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/- 
COGNIS, INC. 

(TERRAMETB Soil Remediation System) 

TECHNOLOGY DESCRIPTION: 

The COGNIS, Inc. (COGNIS), TERRAMET@ soil remediation system leaches and recovers lead 
and other metals from contaminated soil, dust, sludge, or sediment. The system uses a patented 
aqueous leachant that is optimized through treatability tests for the soil and the target contaminant. 
The TERRAMET@ system can treat most types of lead contamination, including metallic lead and 

- lead salts and oxides. The lead compounds are often tightly bound by fine soil constituents such as 
clay, manganese and iron oxides, and humus. 

The figure below illustrates the process. A pretreatment, physical separation stage may involve dry 
screening to remove gross oversized material. The soil can be separated into oversized (gravel), sand, 
and fine (silt, clay, and humus) fractions. Soil, including the oversized fraction, is first washed. Most 
lead contamination is typically associated with fines fraction, and this fraction is subjected to 
countercurrent leaching to dissolve the adsorbed lead and other heavy metal species. The sand 
fraction may also contain significant lead, especially if the contamination is due to particulate lead, 
such as that found in battery recycling, ammunition burning, and scrap yard activities. In this case, 
the sand fraction is pretreated to remove dense metallic or magnetic materials before subjecting the 
sand fraction to countercurrent leaching. Sand and fines can be treated in separate parallel streams. 

Scil Fines to 
Leaching Circuit 

Og anic Material 

Sandto 
Leaching Circuit 

-------- -----_-_- 
TERRAMET@ Chemical 

Scil Fines Fran 

TERRAMET Soil Remediation System 

After dissolution of the lead and other heavy metal contaminants, the metal ions are recovered from 
the aqueous leachate by a metal recovery process such as reduction, liquid ion exchange, resin ion 
exchange, or precipitation. The metal recovery technique depends on the metals to be recovered and 
the leachant employed. In most cases, a patented reduction process is used so that the metals are 
recovered in a compact form suitable for recycling. After the metals are recovered, the leachant can 
be reused within the TERRAMET@ system for continued leaching. 

Important characteristics of the TERRAMET@ leaching/recovery combination are as follows: (1) the 
leachant is tailored to the substrate and the contaminant; (2) the leachant is fully recycled within the 
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treatment plant; (3) treated soil can be returned on site; (4) all soil fractions can be treated; (5) end 
products include treated soil and recycled metal; and (6) no waste is generated during processing. 

WASTE APPLICABILITY: 

The COGNIS TERRAMET@ soil remediation system can treat soil, sediment, and sludge 
contaminated by lead and other heavy metals or metal mixtures. Appropriate sites include 
contaminated ammunition testing areas, firing ranges, battery recycling centers, scrap yards, metal 
plating shops, and chemical manufacturers. Certain lead compounds, such as lead sulfide, are not 
amenable to treatment because of their exceedingly low solubilities. The system can be modified to 
leach and recover other metals, such as cadmium, zinc, copper, and mercury, from soils. 

STATUS: 

This technology was accepted into the SITE Emerging Technology Program in August 1992. Based 
on results from the Emerging Technology Program, the technology was accepted into the 
Demonstration Program in 1994. The demonstration took place at the Twin Cities Army 
Ammunition Plant (TCAAP) Site F during August 1994. The TERRAMETB system was evaluated 
during a full-scale remediation conducted by COGNIS at TCAAP. The full-scale system was linked 
with a soil washing process developed by Brice Environmental Services Corporation (BESCORP). 
The system treated soil at a rate of 12 to 15 tons per hour. 

An Innovative Technology Evaluation Report and a Technology Capsule describing the 
demonstration and its results will be available in 1997. 

The TERRAMET@ system is no longer available through COGNIS,,Inc. For further information 
about the system, contact the EPA Project Manager. For further information on the BESCORP soil 
washing process, refer to the profile in the Demonstration Program section (completed projects). 

DEMONSTRATION RESULTS: 

Lead levels in the feed soil ranged from 380 to 1,800 milligrams per kilogram (mg/kg). Lead levels 
in untreated and treated fines ranged from 210 to 780 mg/kg and from 50 to 190 mg/kg, respectively. 
Average removal efficiencies for lead were about 75 percent. The TERRAMETB and BESCORP 
processes operated smoothly at a feed rate of 12 to 15 tons per hour. Size separation using the 
BESCORP process proved to be effective and reduced the lead load to the TERRAMETB leaching 
process by 39 to 63 percent. Leaching solution was recycled, and lead concentrates were delivered to 
a lead smelting facility. The cost of treating contaminated soil at the TCAAP site using the COGNIS 
and BESCORP processes is about $200 per ton of treated soil, based on treatment of 10,000 tons of 
soil. This cost includes the cost of removing ordnance from the soil. 

FOR FURTHER INFORMATION: 

EPA PROJECT MANAGER: 
Michael Royer 
U.S. EPA 
National Risk Management Research Laboratory 
2890 Woodbridge Avenue, MS- 104 
Edison, NJ 08837-3679 

7 32&%321-6633 
Fax: 908-32 l-6640 
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Phone Call Report 
Project/Location: Sites 2, 8 and SSA 14 S.O. No.: 62470 

WPNSTA, Yorktown Date: 9/l 7/9s 

Contract No.: 0356 

To: Ms. Maggie Thomas 

Repres.: Doe Run Company 

Phone No.: (573) 626-3445 

From: 

Repres.: 

Phone No.: 

Ellen Bierklie 

Baker Environmental, Inc. 

(412) 269-6117 

Subject: soil washing/leaching recovery of metal contaminants in soils 

The leaching of metals from soil has been found to be effective on most heavy metals (including lead, copper, zinc) 

but has not been tried on cobalt. The process has not been successful on mercury. The process has no impact on 

organic contaminants. It is uncertain whether the process would be impacted by the presence of organics. A mobile 

unit is available but the cost for processing depends on the quantity and type of contaminants, Doe Run is in the 

./““-y process of permitting their fixed facility in Missouri so small quantities can be processed. However, this facility 

is a secondary lead smelter and the permit will not allow organic materials to be processed. The waste stream is a 

metals concentrate which may or may not be suitable for metals recycling. If metals concentrations are high enough, 

the wastestream will go through a recycling process. 

p---y Prepared by: Ellen Bjerklie Title: Engineer Page: 1 of 1 

bee: 
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THE RUN 
COMPANY 

RESOURCE 
RECYCLING 
DIVISION 
BUCK FACILITY 

HC 1 BOX 1395 
HWY. KK 

BOSS, MO 65440 
573-626-46 13 * FAX 573-626-3304 

September 28, 1998 
j- ,--_. I.-_ . . .- I__-.-~-.,.---. -.. 

Ms. Ellen Bjerklie 
Baker Environmental 
Airport Office Park, Building 3 
420 Rouser Road 
Coraopolis, PA 15108 

Dear Ms. Bjerklie: 

Enclosed is an information packet which includes an overview of The Doe Run 
Resource Recycling Division as well as some history of the TERRAMET@ 
technology. Thanks for your interest! 

I spoke with our technical personnel regarding the application of the TERRAMET 
process to soil contaminated with lead and other heavy metals, including 
mercury, as well as organics. Could you provide us with more detailed 
information about the contaminants? Specifically, we are interested in the levels 
of each contaminant involved, both organics and metals. 

If you could fax something to the number above, I would appreciate it. I will 
follow up with you as soon as possible with more information about how Doe 
Run may be able to assist with your project. Thank you! 

Sincerely yours, 

Maggie Thomas 
Assistant Raw Materials Coordinator 

Enclosure (1) 



COGNIS 
Metal Remediation 

COGNIS’ TERRAMET@ metal remediation process leaches heavy metals from contaminated 
soil, dust, sludge or sediment with proprietary aqueous leaching solutions. The process is 
effective for Pb, Cu, Ni, Zn, Cd and other metals. A specific variation of the TERRAMET leaching 
process has been developed for mercury remediation. When coupled with the physical separa- 
tion techniques of soil washing, both discrete metallic fragments and ionic species (which are 
often tightly bound by fine soil constituents-such-ascmanganese and iron oxides, and humus) 
can be treated. Metals are removed in a continuous countercurrent leaching operation to 
maximize effectiveness. The leached metal is then recovered via direct reduction or an 
extraction/stripping process. COGNIS provides its clients with a cost-effective alternative to 
either stabilization or excavation, transport and disposal of metal-contaminated soils, sludges or 
sediments which are currently restricted to Class I landfills. COGNIS’ proprietary process can 
also be used to remove and recover these same metals from industrial waste streams. 

COGNIS TERRAMET@ Metal Remediation Process 

Recovered 
Metal 

TERRAMET is a registered trademark of COGNIS. 



COGNIS 
TERRAMET Heavy Metal Recovery Process 
Twin Cities RCRA Cleanup Project 

The COGNIS TERRAMET Heavy Metal Recovery Process is successfully cleaning up lead-contami- 
nated soil at the Twin Cities Army Ammunition Plant (TCAAP) in New Brighton, MN. TCAAP is 
Minnesota’s #l priority Superfund site; the TERRAMET Process is being used as part of a. $370 million 
Installation Restoration Program being overseen by the Minnesota Pollution Control Agency (MPCA). 
Normally, metals-contaminated soils are hauled away for disposal. This project is the first ever RCRA 
cleanup in which soil is actually treated, contaminant metals are removed and recycled, and cleaned 
soil is returned to the site. 

Project Results 

An acceptance period was required by MPCA to prove the TERRAMET technology. The first six days 
of operation constituted the acceptance test; all of the cleanup goals were met from day one (see table). 

Acceptance Period Results 

RCRA 
Cleanup - -- 

Acceptance Period Run Number (ppm) 

Metal Goal 
1 2 3 4 5 6 

Antimony 4 <l <1 <l <l il <I 

Cadmium 4 0.8 1.8 co.02 3.0 0.2 1.5 

Chromium 100 3.5 0.6 2.6 6.0 5.0 5.0 

Copper 80 23.7 12.6 9.8 12.7 16.1 11.3 

Lead 300 19 60 30 ~60 ~60 38 

Mercury 0.3 <0.02 0.04 0.03 co.02 <0.02 0.3 

Nickel 45 8.9 6.2 4.6 5.4 6 7.8 

Silver 5 co.1 co.1 <O.l co.1 <O.l <O.l 

Ouring operation, lead results have ranged from 19 ppm to 175 ppm. 1,600 tons of soil were successfully 
,rocessed in 1993; the remainder of the site (approximately 10,000 tons) will be processed in the Spring 

and Summer of 1,994. 

TERRAMET is a registered trademark of COGNIS, inc. 



The TERRAMET@ Process 

Site Description 

Army contractors used Site F from the 1940’s to the 
1960’s to burn scrap munitions and powder and to 
bury scrap casings and burning residues. Ash and 
residue were spread around the site’s surface, as 
well as buried in trenches. Heavy metals have been 
found in the upper 1-2 feet of soil over three acres, 
and IO feet down in the trench areas. Lead is the 
primary concern, with concentrations found up to 
86,000 ppm and averaging 6,000 ppm over the 
entire contamination area. Seven additional heavy 
metals (antimony, cadmium, chromium, copper, 
mercury, nickel, and silver) have been detected in 
elevated levels at the site. 

The site must be cleaned up to satisfy both the 
Federal Facility Agreement for TCAAP and the in- 
stallation’s RCRA permit. Lead must be decreased 
to a target of cl 75 ppm with a 300 ppm enforceable 
standard; the other seven metals must be reduced 
to background levels. 

‘he Army and MPCA favored finding a permanent remediation 
\ *lproach-removing the ammunition, recovering the contami- 
nant metals, and allowing the cleaned soil to be returned to the 
site. COGNIS was selected in the Fall of 1992 to perform a 
treatability study on Site F soil. Bench-scale tests showed the 
site’s sandy, silty soils were amendable to soil washing and 
leaching, producing a clean soil stream and a recoverable metal 
product which could be recycled at a smelter. A contract was 
negotiated and full-scale operations commenced in the Fall of 
1993. The entire process from start of the treatability study to 
arrival of equipment on site was only 12 months. 

COGNIS is the prime remedial contractor on site, and together with Bescorp Inc. (soil washing contractor, 
Fairbanks, Alaska), provides all services directly related to the remediation: health and safety planning 
and implementation, excavation, ammunition removal, complete soil treatment, and return of the soil to 
the site. 

A Company for Biological and Ennimnrent.3l Techrwlogy 

2331 Circadian Way 
Santa Rosa, CA 95407 

(707) 575-7155 
Fax (707) 5757833 

COG48-694 

Printed on recycled pdper. 
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Treating Metals in Soil 
By Keith W. Benker 

U NTIL now, the remediation of metals-contaminated soil 
has traditionally meant immobilizing it on site or 
landfilling it off site. But, rather than rely on the tradi- 

tional, the Twin Cities Army Ammunition Plant selected a pio- 
neering soil treatment technology to clean up this facility in the 
heart of Minnesota’s #l-ranked 

Superfund site. 
The Twin Cities Army Am- 

munition Plant (TCAAP), built 
during World War II, no longer 
produces ammunition. But, over 
the years, it generated plenty of 
contaminants. A former open 
burning area, called Site F, had 
eight heavy metals in it, the 
worst being lead (averaging 

;r”c”“* 1,600 ppm but reaching 86,000 
ppm). The state’s pollution con- 
trol agency initially pursued a 
lead cleanup level of less than 40 
ppm. Later negotiations resulted 
in a target of 175 ppm, with an 
enforceable standard of 300 
ppm for lead. Other metals be- 
ing reduced to negotiated back- 
ground levels are antimony, 4 
ppm; cadmium, 4; chromium, 
100; copper, 80; mercury, 0.3; 
nickel, 45; and silver, 5 ppm. 
These are challenging standards; 
the EPA’s health-based cleanup 
levels for lead are usually 500 to 
1,000 ppm. 

Because regulators and the Army wanted a solution better 
than those offered by the three metal-removal techniques typi- 
cally used, and the Army especially wanted to achieve “clean 
closure,” TCAAP chose an untried, but promising, technology 
called soil washing and leaching. 

Soil Washing * 

Soil washing, essentially a sorting technique, comes from the 
mining industry. It has been used on some cleanup projects to 
reduce the amount of soil that must be landfilled because the 
arger, clean soil particles can be segregated from the more 

,,,*-y heavily contaminated fines. But soil washing can also remove 
larger, loose metallic’ fragments, especially sand-size or greater. 

Top, empty casings after high-pressure rinsing were 
collected for storage and disposal. Below, after treatment, 
most of the soil was clean enough to be returned to the 
site. 

Soil washing has been used as a remediation technique 
in The Netherlands and Germany for nearly 10 years. In 
the U.S., the Bescorp firm recently used soil washing in 
the EPA-sponsored Superfund Innovative Technologies 
Evaluation (SITE) Demonstration Program at an Alaska 
battery site. Bescorp is the contractor at Site F. 

At Site F, the soil is excavated, stockpiled, and fed 
into a hopper; 6 to 15 tons are processed in an hour. 
The soil first goes through a trommel, which breaks soil 
clumps and screens out material greater than %-inch di- 
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ameter, and is then subjecred to a 
high-pressure water rinse. The over- 
sized material is conveyed to inspec- 
tors who pick out empty cartridge 
casings for storage and disposal. The 
rinsed stones and gravel are then 
tested and returned to the site. 

Smaller materials travel lo a chant- 
ber where sand is separated from fine 
silts and clays. From here, the sand 
goes through a spiral classifier and :I 
mining industry “jig,” where heavy 
metallic fragments are removed by 
density separation. The sand is sent 
to a soil leaching process and the re- 
covered metals are dewatered and 
stored in drums for recycling. 

The fines fraction contains most of 
the contamination that remains after 
soil washing; ‘it consists of metnllic- 
form metals smaller than sand-size 
and ionic metals bound to the fine-s. 
Therefore, the fines go from the sepa- 
ration chamber to clarifiers for soil 
leaching as well. 

Soil leaching 

In soil leaching, chemicals are 
used to remove metals that remain in 
sand and fine silts and clays. Due to 
the physical and chemical properties 
of sand and fines, they require differ- 
ent equipment to mix and convey 

P- each stream. Thus, sand and fines are 
leached in separate, parallel circuits. 

40 

Ihe leaching process, shown here, 
dissolrzes the finer metallic residuals in 
sand and silt/clay by an acid wash. The 
blue equipment is the mixer for treating 
silt/clay and the metals recovery 
equipment is in the front. 

III eaill of the Iwo treatment cir- 
cuits, the soi! undergoes an acid wash 
that dissolves fine metal fragments 
anti ionic metals and produces a solu- 
tion. This occurs in a series of mixers 
and clarifiers. The leachant flows 
against the incoming soil current and 
bccomcs progressively cleaner as the 
soil goes through the series. 

The clean sand and fines are dewa- 
tered, neutralized, tested, and added 
to the clean oversize material and re- 
tt~rncd 10 the site. The spent leachant 
is SSII~ to :I recovery unit. There, it 
flo~.s t hrotigh an electrc,cliemical re- 
dtlctioil system which precipitates 
111etals illto a “sake.” The leachant is 
then recycled iilternally. The soil 
leaching technique used here is a pro- 
prietary process called Terramet, de- 
veloped by COGNIS. 

Metals Reclamation 

Metclis are reclaimed by collecting 
particles front the soil washing process 
altd chr precipitated material from the 
soil leacllirig process. The metals are 
drummed and shipped to a smelter. 

Reclamation removes the metals from 
the hazardous material cycle, thereby 
eliminating long-term liability. 

Lessons Learned 

From the start in mid-1993, this 
project has been generally successful. 
The COGNIS/Bescorp process works 
besr for lead removal. By project 
completion next year, some 95 percent 
of the soil is expected to pass the en- 
forceable lead standard of 300 ppm. The 
remaining soil, which cannot be treated 
by this process, will be landfilled. 

However, this treatment process is 
less effective on other metals (espe- 
cially copper and mercury) because 
they are more difficult to leach or are 
more difficult to recover from the 
leachant; the treatment does not 
achieve the stringent background- 
based cleanup goals for these metals. 
Still, the treatment would achieve the 
cleanup levels based on health risk. 

Of the treated soil that failed the 
copper and/or mercury background- 
based goals, 95 percent of it would 
pass typical health risk-based cleanup 
goals some IO to 100 times higher. 
TCAAP is currently attempting to re- 
negotiate the metals cleanup goals; 
disposing of soil that poses little or no 
risk to human health and the environ- 
ment is of‘questionable value, particu- 
larly in view of limited landfill space 
and funds. 

We also face continuing challenges 
related to the disposal trenches at the 
site; they have higher contaminant 
concentrations and greater clay con- 
tent. Moreover, the processing rate 
has not reached the design rate of 20 
tons an hour. The moisture content of 
treated soil, especially the fines, posed 
an early problem, but a dewatering 
centrifuge overcame this. 

As with most new technologies, 
difficulties arise and, just as certain, 
improvements come. It is gratifying to 
treat metals-contaminated soil in this 
way. This project amply demonstrates 
the value of an emerging treatment 
technology. 8 

Keith W. Barker, P.E., of Wenck Associates, 
Iur.. mr errl,irl~rrrrlcrlml mgitwcring cor2sulting 
firm. rmrrqed the Site F project. He has o B.S. 
dcpe iti geological engineerirrg. III writing this 
rtrtirle, he was assisted by Martin R. aMcCleery, 
P.E., TCAAP; Peter J. Rissell, Army Environmen- 
td Center; orrd Dorryl L. Terho, P.E., and 
Hridgctte AhrtderfeLi. Federnl Cartridge Cd., 
TCAAI”S opcrotiug comractor. 
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TERRAMET@ TECHNOLOGY UPDATE . --_ 
The TERRAMET process equipment and license to the technology was sold to The Doe Run 
Company when Henkel Chemical Company, the parent of COGNIS, INC., exited the remediation 
market. Upon completion of the Twin Cities Army Ammunition Plant project, the equipment was 
demobed from Minnesota to Doe Run’s Buick Resource Recycling Facility in Boss, MO. 

The Doe Run Company has been producing lead in Missouri for over a century. In 1990, Doe 
Run completed the construction of its new RCRA part B permitted facility designed to “mine” 
lead from scrap. Doe Run is committed to the recycling of metals, particularly lead, at the Buick 
Resource Recycling Facility. The facility, located in Boss, Missouri has recovered and recycled 
lead Tom more than 25 National Guard firing ranges around the country. Soil and other waste 
streams fi-om the Defense Nuclear Agency, Naval Facilities Engineering Command and 
Government Owned/Contractor Operated (GOCO) facilities have also been recycled at Doe Run. 

The Doe Run Company is in the process of integrating the TERRAME T equipment into its 
existing RCRA Part B permitted facility. The TERRAMET process complements Doe Run’s 
existiig capability to recycle lead contaminated sands and soils through its pyrometallurgical 
circuit. The two have come together as TERRAMET Services to provide low cost, permanent 
solutions for metals contaminated soil and other solid waste streams. Contaminated soil can be 
shipped to the facility, the metals removed and reused as feed in the smelting of lead and lead 
alloys, and the soil put to beneficial reuse as part of the mining operation. Shipping contaminants 
of3%ite to a permitted facility benefits those who require immediate reuse and transfer of clean 
parcels of land. If required, TERRAMET equipment can still be mobilized to projects. Special 
projects, such as the separation of lead from depleted uranium at Lake City Army Ammunition 
Plant in Independence, Missouri, will require the plant to set up at the remediation site. 

TERRAMET Services offers the flexibility of treating waste streams either on or of&ite, together 
with options that can be tailored to minimize costs. 
l Waste Classification The first step is to determine ifthe soil or waste stream should go 

straight to the lead smelter. RCRA recycling exemptions may ahow a generator to classify 
lead contaminated sand and soil as a nonhazardous material under certain circumstances. This 
classification greatly reduces transportation costs, storage requirements, and turnaround time 
ifit is available. 



l Soil Washing Ifthe metals can be removed physically, the soil will only undergo soil 
--washing:- The lead concentrate will go directly to the smelter. The soil with lead below the .-, ..^ 

state’s required lead concentration will be declared clean and used as cover in the mining 
operation. 

l Soil Washing/Soil Leaching Ifthe lead or other metals have weathered or have been 
smeared into the soil, they cannot be removed by soil washing alone. In that case, the soil wiLl 
be washed to remove particulate metal and then leached to remove ionic lead. Again, the lead 
concentrate would be reclaimed at the smelter and the soil reused after lab tests confirm that it 
has been treated to below state limits for hazardous contaminants. 

,P-. 
l Pyrometallurgical Some metals and minerals are required in the smelting process. The soil 

may be used as direct feed for the smelter, depending on the material makeup and the current 
metallurgical requirements of the plant. 

l Selective Processing Doe Run personnel can work with generators to custom fit a treatment 
process for a particular waste. There are instances, driven by regulation or waste 
characterization, that require a certain process step, end use, or remediation goal. Doe Run 
will combine unit operations, segregate and process ‘hot spots,” or modify its system (in 
compliance with the Part B permit) to accommodate special needs. 

The overall costs are lower than previously experienced in the field because there are no 
mobilization costs, no per diems, and the labor force is already in place manufacturing lead. 
Material handling, health and safety activities and maintenance are all performed less expensively 
at a fixed facility than in the field. 

revised 5/5/98 



Phone Call Report 
PrOjeCtkOCatiOn: Sites 2, 8 and SSA 14 S.O. No.: 62470 

WPNSTA, Yorktown Date: 1 O/9/98 

COntraCt No.: 0356 

To: Mr. Eric Klein 

Repres. : Doe Run Comnanv 

Phone No.: (925) 943-2460 

From: 

Repres.: 

Phone No.: 

Ellen Bierklie 

Baker Environmental. Inc. 

(412) 269-6117 

Subject: soil washing treatment of contaminated soils 

Doe Run has a mobile unit for soil washing. Mobilization/demobilization costs will total $100,000. The process 

would have to go through two stages: one stage for all contaminants except for PCBs, and one stage for PCBs (a 

different solvent is required). The cost for the first stage would be $125/tori to process. For the PCB treatment, the 

cost to process would be another $200/tori on top of the $125/tan. Off-site disposal would be required for the 

/- concentrated waste stream. This cost is not inlcuded in the processing cost. This technology has been used 

successfully for soils from firing ranges contaminated with lead. 

,*““” 
Prepared by: Ellen Bjerklie Title: Engineer Page: 1 of 1 

- - 

bee: 
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Cover Sheet 
Date : 10/8/98 

Time : 3:17:20 
PM 

To: Mr. John Mentz 

Company: Baker Environmental 

Fax Number: +l (412) 2692002 

Subject: 

From: Eric Klein 

Fax: 925-930-2832 

Phone: 925-943-2460 

Pages including cover page: I 

TO ELLEN BJERKLIE: 

I forgot to mention the option of direct smelting of the soils at Yorktown. 

If the PCB’s and the low level explosives pose no problem to the Missouri DNR, the soil 
can all be directly fed into the smelter. The smelter needs silica from the sand to help 
float off the impurities in the ore. Therefore, the soil becomes a commercial substititute 
for purchasing silica, and it all escapes the hazardous waste regulations. 

The costs would be: 
Mob/Demob $0 
Direct Smelting 165lton 
Tranportation ? (from Yorktown to MO) 

NOTES: 
1) The smelter can not tolerate oversize > 1” 
2) PCB under 50 ppm is not regulated. 
3) Explosives residues.of RDX and HMX are of no concern to Missouri DNR. 

Please feel free to contact me if you have any questions. 

606 Stagecoach Court 
/ Y-y Lafayette, CA 94549 

[ 925) 943-2460 
(925) 930-2832 
esklein@ibm.net 
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ARCnOlS Cetaghty & Miller. Inc. 

14497 North Ode Mabry Hwy. 

Suite 240 

Tampa 

Florida 33618 

Tel 813 254 3506 

Fax 813 962 0867 
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lk: 

412 269-2002 
Oak: 

8 October 1998 

Fwn: TOId pages 

M&e Mann 2 

Extension: our ref.: 

813 264 3571 OurRef 

Subjea: 

,,Nw, Soil Washing 

“.~_ - 
If you do not receive all pags, please call to ler us know as swn as posible. 

. . . ---...,, ,-,s_- 

Attached is our response to your inquiry about sail washing, Please feel fke to call Mike ~Mann at the 
above number with any fk-ther questions. 

I will send you our Starement of Qualifications and Experience by overnight mail. it contains a 
comprehensive description of the process and previous project experience with some of the contaminants 
you listed. 

THJS MESSAGE IS INTENDED ONLY FOR THE USE OF THE INDIVIDUAL OR ENTITY TO WHICH IT IS ADDRESSED AND MAY CONTAIN 
INFORMATION THAT IS PRIVILEGED, CONFIDENTIAL, ANO EXEMPT FROM DISCLOSURE UNOER APPLICABLE LAW. 
If the reader of this message Is nor the intended recipient, or the employee or agent responsible for delivering the message to the 
intended recipient you are hereby notified that any dissemination, distribution. or copying of this communication is strictly 
prohibited. If you have received this communication in error, please notify us immediately by telephone and return the original 
mesaae to UC ill. The nhnve ~rlrlrocc via the 1, t ns<tul cursrirn 



ARCADIS GERAGHTY&MILLER 
-. ..__ - .._ ._~_. ,_~ 

Ms. Ellen Bjcrklie 
Baker Environmental Inc. 
Airport Office Park, Building 3 
420 Rouser Road 
Coraopolis, PA 15 108 

_-... - ____ 

ARCADIS Geraghly & Miller, Inc. 

14497 North Oalc Mabiy Hwy. 

Suite 240 

TXllpa 

Florida 33618 

Tel 813 264 3506 

Fax 813 962 0867 

ART 

Subject: 

Feasibility Study - Yorktown 

Dear Ellen: 

Thank you for the opportunity to respond to your request for work you are doing for 
rhc U.S. ‘Navy at Yorktown. 

The site you have referenced is difficult in several aspects, in that ir is a relatively 
small volume with fairIy difIicult contaminants. ARCADIS has dealt with alI of these 
contaminants in various forms and combinations. The. actual system to be used wiI1 
depend upon the physical characreristics of the soil matrix and upon the form of the 
primary contaminants. Maximum feed concentrations are very high and the treatment 
standards are very low. Even achieving a 99% removal efficiency will not achieve the 
standards in some cases, Ir is unlikely that soil washing alone can meet the 
requirements. However, a combination of hot-spot removal, matrix separation; and 
ulrimate disposal of a much smakr mass, may be possible. Trcatabihty studies would 
be essential to make this determination. 

Because the volume is so small, the unit price will be deceivingly high. We estimate 
that if separation and treatment are feasible that the unit price for mob/demob, 
provision of the plant, labor, utilities, chemicals, and process analytical, but exclusive 
of residual disposal, the price wilI be approximarcly $500 per ton. 

Please fel free to contact us at anytime with questions or comments 

Sincerely, 

ARCADIS Gcraghty & Miller, Inc. 

’ Michael J. Mann, P.E. 
Vice President 

Our ref.: 
gsproposa!/bakrr.do 

Tampa, 

8 October 199s 

Contact! 
rMichac1 I. Mann, PE 

X13-263-3571 



Phone Call Report 
Project/Location: Sites 2. 8 and SSA 14 S.O. No.: 62470 

WPNSTA, Yorktown Date: 1 O/8/98 

To: 

Repres.: 

Phone No.: 

Mr. Mike Mann 

Arcadis: Geraghtv & Miller 

(813) 264-3571 

From: 

Repres.: 

Phone No.: 

Ellen Bierklie 

Baker Environmental. Inc. 

(412) 269-6117 

Subject: soil washing for treatment of contaminated soils 

The response to a request for a cost estimate from Arcadis Geraughty & Miller included a single unit cost of 

$500/tori for capital and O&M costs. Further breakdown was required for the FS cost estimate. Mr. Mann estimated 

that $75,000 was required for mobilization/demobilization of the soil washing plant/equipment. The remainder of 

the cost would include the plant, labor, utilities, chemicals and process analytical. For the volume of soil at all three 

;/v-x sites, this would work out to approximately $450/tori for treatment. 

&s-% 
/ _) Prepared by: Ellen Bjerklie Title: Engineer Page: 1 of 1. 
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nber of Pages Including Cover Page 2 

INSTITUTE OF GAS TECHNOLOGY 
1700 S. Mt. Prospect Road 

Des Plaines, IL 60018-1804 
847/768-0500 FAX847/768-0546 
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saI#: 1 S700-04 Remediation of Soil Contaminated with Metals and Organics at the 
own, VA Naval Facility 

tc contains a mixmre of organic and inorganic contaminants- Organics 
s, PCBs, RDX, and I-IMX while the inorganic contaminants in&de Cu, Co, 

. Organic contaminants have a maximum concentration of 17,000 ppm 
generally present at 100 ppm or less. Inorganic contaminants are present at 15 to 

The soil is stated to be silty sand and rotal volume of 870 yd3 of contaminared 
three locaLions at the site. What is wanted is a destruction of organics 
norganic contaminants. Immobilization of inorganic conraminants is not 

considered at this site. Therefore a soil slurry treatment approach is recommended 
r destruction of organic contaminants through the use of Chemical 
ent (CBT), and removal of inorganic con-ants by leaching them 
ubsequently precipitating them from the leaching solution. 

cess empIoys hydrogen peroxide as an oxidizing agent to initiate the 
on of organic contaminants and then biodegradation completes the 

of organic contaminants. The chemical oxidation step of the CBT process 
at a pl3 of 4 and has successfully been empIoyed to treat soil slurries. In this 

the pH of the soil slurry is adjusted to 4 a chelating agent, EDTA, will be added to 
to facilitate extraction of metals from the soil. The liquid, which will then 

metals leached from the soil, will be separated from the soil. The soil will then 
ing or composting mode to complete the chemical oxidation and 

adation process resulting the derlruction of organic contaminants. The Iiquid will 
chelated merak as well as any organic contaminants that may have leached from 

i1. The liquid will first be subjected to chemical oxidation to destroy residual 
jc contaminants and then it till be treated under anaerobic conditions using sulfate 
ng bacteria to remove the metals from solution. 

The treatment time for a batch of soil will be 90 days or less. The number of 
, and hence the size of treatment vessels, will be determined when more details of 

t become available. An estimate of the total project cost is f200,OOO to 
_ These costs are rough estimates that may require adjustment once actual site 
s and specific cleanup objectives are known. The enclosed information 

bes in greater detail the use of the CBT process in both slurry and landfkrming 
for the treatment of contaminated soil, and the use of chelating agents to efficiently 
metals from soil followed by the subsequent treatment of the lea&ale. 

hould be resolved by laboratory treatability tests are the soil type 
of mercury in this soil. The clay content of the soil can dramarically 
water obtained from the soil leaching srep and could complicate 

uent treatment of the liiuid. Additionally it has been 1GT’s experience that 
ng of mercury from some soils can be difficult while the leaching of other metals is 
a problem. Since the regulatory standards for mercury are so low it is important to 
in Iaboratory treatability tests that effective removal ofmercury from this soil can 

complished. A suitabk laboratory treatability test can be performed within 90 days 
total cost of $20,000. 



Phone Call Report 
Project/Location: Sites 2, 8 and SSA 14 SO. No.: 62470 

WPNSTA. Yorktown Date: 

To: 

Repres.: 

Phone No.: 

Mr. Viaul Srivastava 

Institute of Gas Technology 

(847) 768-0539 

From:, 

Repres.: 

Phone No.: 

Ellen Bierklie 

Baker Environmental, Inc. 

(412) 269-6117 

Subject: biotechnology for treatment of contaminated soils 

September 22, 1998. 

Mr. Vipul was named as a contact for a biological and chemical process developed for the remediation of metal- 

contminated solids and liquids. 

/F Mr. Vipul stated that the pH of the soil has to be high enough so the metals will be soluble to be available for the 

microbes to treat the soil. The Institute of Gas Technology (IGT) has full scale remediation going on. 

Information regarding the site contaminants will be sent to Mr. Vipul. 

October I2, 1998: 

Mr. Vipul called with John Kilbane (IGT) and Tom Hayes (Gas Research Institute -GRI) to discuss the process that 

they think is most appropriate for treating the contaminated soils at WPNSTA, Yorktown. A treatability study 

would be required to determine the exact process and if the remediation goals can be met. The study would cost 

approximately $20,000. The process would be a two stge treatment because both inorganic and organic 

contaminants are present in the soil. A landfarming process would be used to destroy the organics and a 

leaching/bioslurry process will separate the inorganics. Mobilization and demobilization costs were not defined 

because they do not know what facilities are available at the site. They estimated the total project cost to be between 

$200,000 and $400,000. 

d’“Y Prepared by: Ellen Bjerklie Title: Engineer Page: 1 of 1. 
- - 

bee: 

C:\TEMPLA-I\PHONETMP.WPD 



f”rm%.~ 

Headquarters October 12, 1998 

Ms. Ellen Bjerklie 
Baker Environmental Inc. 
Airport Office Park, Bldg 3 
420 Rouser Road 
Coraopolis, PA 15108 

Dear Ms. Bjerklie: 

Thank you for the opportunity to submit a proposal to perform work with Baker Environmental. The 
Institute of Gas Technology (IGT) is pleased to submit its proposal No. 18700-04 entitled 
“Rernediation of Soil Contaminated with Metals and Organics at the Yorktown, VA Naval 
Facility” which we believe meets all of Baker’s requirements to provide treatment of soil contaminated 
at the Yorktown, VA site. The estimated total cost of the project is $200,000 to $400,000, but a 
treatability test costing $20,000 is recommended prior to initiating this project in the field. The duration 
of the project can’t be specified until more information is available, but the enclosed information will 
allow you to get an idea of the time that will be required. The enclosed information also describes some 
past projects IGT has performed that involve the leaching of metals from soil and the use of the CBT 
process in slurry or landfarming mode. 

If this treatment approach is acceptable to you I suggest that a meeting should be arranged at 
which time we can visit the site and discuss details of the treatability study. If I can be of further 
assistance please let me know. 

John J. Kilbane II, @h.D. 
Senior Environmental Scientist 
(847) 768-0723 phone 
(847) 768-0546 fax 

cc: Vipul Srivastava 

Tom Hayes 

Institute of Gas Technology Headquarters Washington Operations 

1700 South Mount Prospect Road 1116 E Street, S.E. 
Des Plaines, IL 60018-l 804 Washington, DC 20003 
(847) 768-0500 (202) 547-7288 
(847) 768-0501 FAX (202) 547-1454 FAX 



Proposal#: 18700-04 Remediation of Soil Contaminated with Metals and Organics at the 
Yorktown, VA Naval Facility 

Soil at this site contains a mixture of organic and inorganic contaminants. Organics 
include PAHs, PCBs, RDX, and HMX while the inorganic contaminants include Cu, Co, 
Pb, Hg, and Zn. Organic contaminants have a maximum concentration of 17,000 ppm 
but are generally present at 100 ppm or less. Inorganic contaminants are present at 15 to 
500 ppm. The soil is stated to be silty sand and total volume of 870 yd3 of contaminated 
soil is present at three locations at the site. What is wanted is a destruction of organics 
and removal of inorganic contaminants. Immobilization of inorganic contaminants is not 
being considered at this site. Therefore a soil slurry treatment approach is recommended 
that will allow for destruction of organic contaminants through the use of Chemical 
Biological Treatment (CBT), and removal of inorganic contaminants by leaching them 
from the soil and subsequently precipitating them from the leaching solution. 

The CBT process employs hydrogen peroxide as an oxidizing agent to initiate the 
oxidative destruction of organic contaminants and then biodegradation completes the 
destruction of organic contaminants. The chemical oxidation step of the CBT process 
works best at a pH of 4 and has successfully been employed to treat soil slurries. In this 
case as the pH of the soil slurry is adjusted to 4 a chelating agent, EDTA, will be added to 
the slurry to facilitate extraction of metals from the soil. The liquid, which will then 
contain metals leached from the soil, will be separated from the soil. The soil will then 
be treated in a landfarming or cornposting mode to complete the chemical oxidation and 
biodegradation process resulting the destruction of organic contaminants. The liquid will 
contain chelated metals as well as any organic contaminants that may have leached from 
the soil. The liquid will first be subjected to chemical oxidation to destroy residual 
organic contaminants and then it will be treated under anaerobic conditions using sulfate 
reducing bacteria to remove the metals from solution. 

The treatment time for a batch of soil will be 90 days or less. The number of 
batches, and hence the size of treatment vessels, will be determined when more details of 
the project become available. An estimate of the total project cost is $200,000 to 
$400,000. These costs are rough estimates that may require adjustment once actual site 
conditions and specific cleanup objectives are known. The enclosed information 
describes in greater detail the use of the CBT process in both slurry and landfarming 
mode for the treatment of contaminated soil, and the use of chelating agents to efficiently 
leach metals from soil followed by the subsequent treatment of the leachate. 

Key issues that should be resolved by laboratory treatability tests are the soil type 
and the leachability of mercury in this soil. The clay content of the soil can dramatically 
effect the quality of water obtained from the soil leaching step and could complicate 
subsequent treatment of the liquid. Additionally it has been IGT’s experience that 
leaching of mercury from some soils can be difficult while the leaching of other metals is 
rarely a problem. Since the regulatory standards for mercury are so low it is important to 
verify in laboratory treatability tests that effective removal of mercury from this soil can 
be accomplished. A suitable laboratory treatability test can be performed within 90 days 
for a total cost of $20,000. 
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ABSTRACT 

The use of biotechnology for the removal and recovery of heavy metals from waste- 

water and leachates derived from metal contaminated solids was the focus of this study. 

The Natural Solution for Metals Pollution (NSMP) process was shown to remove metals 

from contaminated soil and from fly ash. Leaching conditions capable of treating soil that 

is heavily contaminated with metals such that it can pass the TCLP (EPA Method 1311) test 

are described and the subsequent treatment of metal-laden leachate is discussed. Of 

.~particularinterest was the treatability of liquids containing chelated metals and/or metals 

associated with colloidal material. The use of sulfate reducing bacteria (SRB) in specially 

designed bioreactors termed the SRB Biosystem was shown to be effective in treating fly ash 

and soil leachates. The system can treat wastewater with pH values as low as 1.70 and can 

tolerate high concentrations of toxic heavy metals with heavy metal removal efficiencies of 

95% to 100%. The heavy metals removed from waste solid leachates and contaminated 

water were recovered as metal sulfides, which can be further processed for heavy metal 

recovery. This study shows that toxic non-metals such as boron and selenium can also be 

removed from wastewater by the SRB Biosystem. 

Keywords: heavy metals, wastewater, sulfate reduction, radionuclide 
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INTRODUCI’ION 

Biological treatment studies of water contaminated with heavy metals have been 

reported by a number of researchers’~6*7*16 and the mechanisms of biological removal of 

heavy metals from water are well understood2*3*4’7 but, on the other hand, the treatment of 

solids containing inorganic pollutants, particularly heavy metals, has not been as well studied 

and solids contaminated with heavy metals are increasingly becoming environmental 

concerns and are among the most challenging pollution problems. As more and more 

stringent environmental regulations are enacted, treatment technologies with higher ----- 

efkiencies are required and technologies that convert waste to recyclable materials are 

particukrly desirable. 

There are numerous physicaI and chemical techniques for the removal of metals from 

contaminated liquids, such as filtration, flocculation, chemical precipitation, electrodeposi- 

tion, and ion exchange, and many of these processes have been successfully implemented 

on an industrial scale.” However, fewer treatment processes involve biological approaches 

for heavy metal removal. Moreover, these processes are ineffective or show reduced ability 

to treat chelated” or colloid-associatedg*13**8 metal solutions which can be expected to result 

from attempts to elute metals from contaminated soils. This is because metals and 

radionuclides present in soil leachates and contaminated groundwater are generally 

associated with colloidal materials.y~‘8 Colloid-associated metals and metal-chelate 

complexes can be dissociated/degraded by microorganisms, albeit at various efficienciess*‘5 

and because a microbiological approach is considered to be more environmentally benign 

it may be preferable to a physico-chemical approach. In this study, an innovative and 

efficient biological treatment system, the NSMP process was developed for the leaching of 

metals from solids and the treatment of both metal-contaminated wastewater and soh.&ions 

resulting from leaching of metals from contaminated solids. The treatment system utilizes 

a bioreactor contaiuing sulfate reducing bacteria (SRB) to precipitate heavy metals from 

wastewater streams and collects metal precipitates as sludge in a settling tank 

The idea of utilizing microbial sulfate reduction as a pollution abatement procedure 

for, acid mine water treatment has been reported as early as 1969.2’ Under anaerobic 

1 



conditions, SRBs generate alkalinity and produce hydrogen sulfide which makes them 

capable of removing metal ions from solutions at low pII.’ Additionally, SRBs can alter the 

oxidation states of certain metals such as Cr?, and convert the more to-tic and soluble metal 

ion Cr+6 and radionuchde ion U+’ to the less toxic and less soluble Cr+3 and U+2 ions. 

SIU3s are also capable of degrading some organic p~llutants’**~ and may therefore be useful 

in degrading organic contaminants that may be present in soil leachates and contaminated 

groundwater, Constructed wetlands which contain SRB are now commonly used to treat 

acid mine drainage @MD)!“, and in Pennsylvania alone there are several hundred I_... _.-.-. _ _ _ 
constructed wetlands”; however, space is not always available for a wetland. Recently 

bioreactor systems have been proposed to solve certain metal pollution problems using 

SFCBS~*~, but neither constructed wetlands nor previously described bioreactor systems are 

capable of treating the fttll diversity of metal-containing wastewater problems nor do they 

provide for the recovery and recycle of metals. The SRI3 Biosystem was designed to address 

these concerns. 

In this study, wastewater containing heavy metals and leachates eluted from heavy 

. metaLcontaminated soils and coal fly ash were treated in the SFU3 Biosystem The 

capabilities of the SRB Biosystem to remove the heavy metals from the water stream and 

recover them as metal sulfides, as well as its acid neutralization ability were investigated. 

produced a supematant which after being 

ppm Ni2+, 21 ppm Zn”, 

2 
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Soii Leachate Treatment: Two soil leachate treatment tests were conducted in this 

study. In the first treatment test, 200 g of Contaminated Soil I was leached with 4 L 

Solution A (6 g citric acid/L water) at a V(ml)/Wt(g) ratio of 20: 1 for 24 hours, the derived 

leachate was treated in the SRI3 Biosystem using the Recycling Mode for 5 days and then 

aerated. The treatment data are given in Table 4, which show that concentrations of Al, Cd 

and Zn in the reactor eMuent were reduced to below the detection limits, Ni concentration 

was decreased to 0.83 ppm Other metal ion concentrations were also decreased sharply. 

The pH of the SRB bioreactor effluent was increased from 3.72 to 6.40 and was fk-ther 

increased to 8.23 after aeration. Figure 5 shows the soil leachate treatment efficiency of the 

SRB Biosystem in terms of percent removal of individual metals from the soil leachate. 

One hundred percent of Al, Cd, and Zn were removed from the leachate (which as reported 

in Table 4 as stated above, these three metals were also totally recovered as dry metal 

sulfides), while 99% of Fe, 93% of Ni, 85% of Ca, 49% of Mg, and 15% of S were also 

removed. 

,/“---x 

A second test was performed to evaluate the ability of the SRB Biosystem to treat a 

soil leachate that contains 13 ppm Cd, 42.5 ppm Hg, 11 ppm Ni, 23 ppm Pb, 22 ppm Se, and 

12 ppm Zn derived from the leaching of Contaminated Soil II with Solution B. 

The sequential leaching test results are shown in Table 5 and Figure 6. As can be 

seen in Figure 6, more than 60% of the Pb, Se, Cd, Ni, and Zn were released from the soil 

in the first leaching cycle; however, the Hg was only reieased by 20%. 

In the second leaching cycle, the amounts of Pb, Se, Cd, Ni, and Zn released from the 

soil are between 25% and 30%, but Hg was only released by 9%. In the third and fourth 

leaching cycles, the amounts of Pb, Se, Cd, Ni, and Zn that were released from the soil are 

about 10% in each of the leaching cycles, and the amounts of Hg released from the soil is 

less than 5%. No significant amount of heavy metals was released from the soil during the 

water rinse; however, the water may help to remove the leaching agent from the soil after 

treatment. 

17 



Table 4, SRB BIOSYSTEM TREATMENT OF SOIL LEACI-IATE (Recycling Mode) 

SAMPLE 

Soil Leachate (pH 3.72) 

Day 3 Effluent (pH 6.20) 

Al 

28 

18 

Day 4 Effluent (pH 6.23) 

Day 6 Effluent (pH 6.40) 

Aerated Day 6 Effluent 
(pH 8.23) 

1.1 

0.87 

<0.60 

Dried Sludge (2.96 g) 67700 

Percent Removal from Water 100 

Percent Recovery as 100 
Metal Sulfides 

ELEMENT CONCENTRATIONS IN THE LEACHATE (ppm) 

Ca Cd Fe 

340 6.9 160 

! 
! 

Mg 

77 

Ni 

13 

1.83 

1.13 

1.33 

0.83 

2000 

93 

12.1 

S(total) Zn 

260 14 

230 

210 

210 

61 

26800 

86 

6.8 

QO.20 

eo.20 

co.20 

co.20 

13900 

100 

100 

as 64 

32 61 

36 61 

1.7 46 

46200 2600 

99 40 

23 6.2 

260 1.9 

230 <0.60 

230 x0.60 

220 

42300 

16 

76 

<ox0 

21000 

100 

100 

Note : I. < slgn lndlcates the concentrations am below the detection Ilmlt. 
2, The soil used In this experiment is Contamlanted Soil I. 



. 
. 

. 
. 

. 
. 

. 

. 
. 

. 

. 
. 

. 

. 
. 

. 

. 
. 

. 

. 
. 

. 

. 
. 

. 

. 
. 

. 
. 

. 

. 
. 

. 

. 
. 

. 

. 
. 



120 

100 

80 

60 

40 

20 

0 

% Removal of Metals from the Soil 

a..... .,.~,,...................,..............,..... 

1st Leaching 2nd Leaching w LeaCnlng 4th Leaching Water Rinse Pooled Leachate 
(1 h3 (1 hf) (f W (12 hr) (IR ht) and Rinse 
‘.-. . 

Figure 6. CONTAMINATED SOILLEACHING TEST RESULTS: EFFECT OF SEQUENTIAL LEACHING 
(Notes: 1. The leaching solution used in this leaching test is Solution B. The v(ml)/wt(g) ratio of the 

leaching solution versus soil is 20:1 except for the water rinse, for which a ratio of 1O:l is used. 
2. The removal of metals is expressed as percent of initial content of each metal in soil.) 



Table 5. SEQUENTIAL LEACIIBING EXPERIMENTAL RESULTS 

Samnle Cd -E&L Ni pb Se Zn 
PPm 

1st Leaching (1 h) 40 135 34 815 75 38 

2nd Leaching (1 h) 17 63 14 30 29 15 

3rd Leaching (1 h) 6.6 295 5.9 115 10 5.85 

4th Leaching (12 h) 6.9 255 7.0 12 12 8.05 

Water Rinse (l/2 h) 0.89 32 127 1.41 1.7 155 

Pooled Leachates and 
Water Rinse 13 425 11 23 22 12 

Notes: 1. The leaching solution used in this leaching test is Solution B. The v 
(ml);/wt (g) ratio of the leaching solution versus the soil is 2O:l for each 
leaching except for the water rinse, for which a ratio of 1O:l is used. 

2, Please see Figure 6 for percent removal of metals from the soil. 

The leachates from the four leaching cycles and the water rinse were pooled together 

and then treated using sulfate-reducing bacteria in a specially designed SRB Biosystem for 

,,--. heavy metal removal and recovery. The results of the SFU3 Biosystem treatment of the 

pooled leachate will be discussed later in this report. The total volume of the pooled 

leachate was 18 liters. _ As shown in Figure 6, the percent removal data obtained from 

analyzing the pooled leachate indicate that Pb, Se, Cd, Ni, and Zn were almost completely 

removed from the soil, but Hg was onIy removed by about 30%. After the water rinse, the 

leached soil was air-dried and was subjected to the EPA TCLP test The test results are 

discussed below. 

EPA TCLP Test Results 

.- 

expe#e 6. The tcgic&~~~~~~~~~~~ 

test results for the leached soil ob 

-A------ 
include Ag, Ar, Ba, Cd, C’~~~&ncJSe. For the contaminated soil used here, Cd, Hg, 

~;~&kcern Tab!e~n~ail~~ :LP 

the leachate had a much higher concentration of Cd, 

21 
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BIOTECHNOLOGY 

Page 1 of 14 

SPOTLIGHT 
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REMEDIATION OF METAL-CONTAMINATED SOLIDS AND LIQUIDS 

Background 
IGT Approach 
Technology Status 
Capabilities 
Contract Research 
For More Information... 
List of Spotlights 

Background 

Of today’s environmental pollution problems, the remediation of metal-contaminated solids and 
liquids has been one of the most difficult because of the lack of efficient technologies. IGT, however, 
has developed a process called METALS-LPB - a suite of technologies that forms an integrated 
system for remediating metal-contamination problems. The process is not only environmentallly 
benign, it also creates resources out of materials that would otherwise be considered waste. 

i Top of Page \ 
i List of Spotlights 

IGT Approach 

The approach IGT has taken in developing its technologies involves converting waste materials into 
resources through the use of natural self-sustaining microbiological activity. The METALS- LPB 
remediation process uses both biological and chemical processes to produce recoverable/recyclable 
metals (including radionuclides) and other clean products. 

This integrated approach has three components: the controlled leaching of metals from contaminated 
solids, the precipitation of metals from solution, and the removal of metal ions from solution using 
biosorbents. 

The removal of metals from contaminated solids (e.g., soil, fly ash, spent catalysts, etc.) is 
accomplished through natural microbiological processes that convert organic and/ or inorganic 
wastes into solutions which are capable of efficiently and effectively leaching metals from solids 
within minutes. After the contaminated solids have been leached, the resultant metals in solution or 
metal-contaminated ground/surface water are treated in a novel bioreactor designed to precipitate 

http://www.igt.org/text-biotechn.htm 912 l/98 
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metals and allow for their recovery in essentially pure form with nearly 100% yields. 

The METALS-LPB process can treat a broad range of contaminated liquids that, besides containing -- . ^ - ^ heavy metals, have pi-i values from 1 to 9 or contam organic contaminants, particulate/colloidal 
matter, and/or chelated metals. To further remove even trace (ppb) concentrations of metals, IGT 
developed a variety of biosorbents derived from waste material which act in a manner analogous to 
ion exchange resins that can remove both anions and cations from water. 

The process is also very efficient: Treated solids can pass the U.S. Environmental Protection 
Agency’s (EPA) Toxicity Characteristic Leaching Procedure (TCLP) test, and treated water meets all 
National Pollutant Discharge Elimination System (NPDES) and EPA regulations regarding metals. 

: Top of Page : 
/ List of Spotlights i 

Technology Status 

In demonstration tests, IGT’s biotechnologists proved the effectiveness of the METALS-LPB 
process using kilogram quantities of solids and about 15 liters of liquid. Metal species tested include 
the cations Al, Au, B, Ca, Cd, Co, Cr, Cu, Fe, Hg, Mg, Mn, Ni, Pb, Sr, U, V, and Zn. Anions tested 
include As, Cr, MO, Se, and W. The process is now available for laboratory-scale treatability studies, 
optimization, and scale-up. 

/ Top of Page j 
j List of Spotlights / 

Capabilities 

The Biotechnology and Environmental Engineering Research and Development group at IGT has the 
necessary capabilities to undertake all aspects of site remediation studies. This includes a 
cross-disciplinary team of scientists and engineers experienced in laboratory-scale research, 
bench-scale development, pilot- and field-scale demonstration, and technoeconomic assessment 
programs, To conduct such work, IGT has well-equipped laboratories and bench- and pilot-scale 
facilities, as well as a full in-house complement of analytical, design, and engineering support 
services. The cost-effective, results-oriented problem-solving capabilities of IGT’s Biotechnology 
and Environmental Engineering Research and Development group are recognized by a wide range of 
government, institutional, and industrial clients. 

i TOP of Page j 
! List of Spotlights i 

Contract Research 

IGT is a not-for-profit research center that conducts contract work clients in government and 
industry. The Biotechnology and Environmental Engineering Research and Development group will 
be glad to work with you in finding solutions to your problems in the areas of energy supply, energy 
utilization, and environmental protection and remediation. 

An IGT biotechnologist conducts u test qf the METALS-LPI3 process for the remediation of 
metal-contaminated solids and liquids. 

j Top of Page I 
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For more information contact - 

Vipul Srivastava 

http://www.igt.org/text-biotechnhtm 912 1 I98 
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Vipul Srivastava 
Director, Biotechnology and 

John Kilbane 
Senior Environmental 
Microbiologist 
Phone: 708/768-0723 
Fax: 708/768-0546 

INSTITUTE OF GAS TECHNOLOGY * 1700 S. Mount Prospect Rd. * Des Plaines, IL 60018 * Phone: 

708/768-0500 * Fax: 708/768-050 1 
47766. * Chicago, IL 60616 * Phone: 3 12/949-3650 * Fax: 3 12/949-3700 

MANUFACTURED GAS PLANT SITE JXJXMEDIATION 
(SOLID PHASE/LANDFARMING) 

Background 
IGT’s Technoloay 
Experience 
Capabilities 
Contract Research 
For More Information. . . 
List of Spotliphts 

Background 
- 

The gasification of coal and oil in manufactured-gas plants (MGP) was a widespread means of 
producing medium- and high-Btu gas for much of the last two centuries in the United States and 
Europe. During that time, some of the plants’ wastes and less valuable by-products were disposed of 
onsite. 

These wastes and by-products include tar components; polynuclear aromatic hydrocarbons (PAHs); 
volatile hydrocarbons, such as benzene; light oils; and purification-box wastes consisting of free and 
complex cyanides and certain heavy metals. Some of the wastes or by-products were modified and 
degraded over time by the action of natural biological or chemical/physical processes. Today, several 
components of the remaining waste are considered hazardous, and sites contaminated with them may 
need to be remediated. 

Conventional techniques for the remediation of MGP waste sites include chemical fixation, soil 
washing, in-situ thermal treatment, incineration of excavated soil, disposal in landfills, and 
biodegradation. In general, these techniques do not sufficiently degrade the waste or are costly. 
IGT’s technology, on the other hand, remediates PAHs, benzene, and cyanide contaminants in an 
environmentally friendly and cost-effective manner. 

! Top of Parre 
/List of Spotlights 

IGT’s Technology 

IGT has named its technology the MGP-REM process. This process is based on the enhancement 
and acceleration of indigenous biological activity and the application of chemical treatment to 
promote the subsequent biological degradation of the chemically modified compounds. The process 
is faster and achieves a significantly higher degree of degradation than the conventional biological 
process alone, yet costs no more. 

Since 1986, IGT has performed many laboratory- and bench-scale studies and conducted four years 

http://www.igt.org/text-biotechnhtm 9/21/98 
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of field experimentation. This work was funded primarily by the Gas Research Institute (GRI), the 
U.S. Environmental Protection Agency, IGT’s Sustaining Membership Program, and various gas 
companies. As a result of this work, researchers developed reliable methods to predict the treatment 
end points, identify the required field procedures and alternatives, estimate treatment costs, design 
field studies, and implement suggested remediation procedures to the satisfaction of the regulatory 
agencies and MGP site owners. 

A typical remediation program for an MGP site would include the following: 

l Collecting representative soil samples from the contaminated site 
l Determining treatment end points and rate of clean up by using an accelerated treatability 

protocol IGT and GRI developed for this process 
l Recommending treatment options for field-scale evaluation 
l Conducting field demonstrations and analyzing field data to determine the best treatment 

option for full-scale site remediation 

; Top of Page I 
! List of Spotlights i 

Experience 

IGT has conducted remediation research in laboratory- and bench-scale systems with a variety of 
MGP soils. IGT has also conducted field studies to evaluate the MGP-REM process in 
bioslurry-phase systems and in managed landfarming modes. The levels of carcinogenic and 
noncarcinogenic PAHs were reduced up to 99% in some soils with the integrated treatment. 

, *‘-Y 
Preliminary cost estimates of the integrated treatment process compare favorably to other, 
conventional technologies, including incineration. IGT is currently conducting bench-scale studies to 
evaluate a novel concept of transporting nutrients, surfactants, chemicals, and other amendments to 
the subsurface environment with minimum potential for groundwater contamination. This technique 
will be used for the in-situ remediation of MGP sites. 

; Top of Page 
; List of Spotlights, 

Capabilities 

The Biotechnology and Environmental Engineering Research Group at IGT has the necessary 
capabilities and partnerships with full-scale engineering and remediation companies to undertake all 
aspects of MGP site remediation studies. This includes a cross-disciplinary team of scientists and 
engineers experienced in conducting laboratory-scale research, bench-scale development, pilot- and 
field-scale demonstration,. and technoeconomic assessment programs. To conduct such work, IGT 
has well-equipped laboratories and bench- and pilot-scale facilities, as well as a full in-house 
complement of analytical, design, and engineering support services. The cost-effective, 
results-oriented problem-solving capabilities of the Group are recognized by a wide range of 
government, institutional, and industrial clients. 

1 Top of Page ! 
; List of Spotlights 

Contract Research 

IGT is a not-for-profit research center that conducts contract work for government and industrial 
clients. Its Biotechnology and Environmental Engineering Research and Development Group will be 
glad to work with you in finding solutions to your problems in the areas of energy supply, energy 

http://www.igt.org/text-biotechnhtm 9/21/98 
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Test Biotechnology 

utilization, and environmental protection and remediation. 

Page 5 of 14 

After extensive luboratory- und bench-scale testing, IGT successfullyjeldtested its integruted 
chenzicul/biolo~~icul treatment process,ji,r PAH-contuminated soils at a Midwest Gas site in /owu. 

Top of Page 
List of Spotlights j 

For more information, contact - 

Vipul J. Srivastava 
Director, Biotechnology and 
Environmental Engineering R&D 
Phone: 7081768-0539 
Fax: 708/768-0546 
E mail: L: ‘. :,.l:!i/i’,i!:l.:,l.‘! 

Robert L. Kelley 
Manager, Biotechn-ology Research 
Phone: 708/768-0722 
Fax: 7081768-0546 

J. Robert Paterek 
Manager, Environmental 
Biotechnology 
Phone: 7081768-0720 
Fax: 708/768-0546 

INSTITUTE OF GAS TECHNOLOGY * 1700 S. Mount Prospect Rd. * Des Plaines, IL 60018 * Phone: 
7OS/768-0500 * Fax: 708/768-0501 

47766. * Chicago, IL 60616 * Phone: 3 121949-3650 * Fax: 3 12/949-3700 
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MANUFACTURED GAS PLANT SITE REMEDIATION 
__. 

(SLURRY PHASE) 

@=-.., /’ 

Background 
Bioslurry Remediation 
Capabilities 
Contract Research 
For More Information. . . 
List of Spotlights 

Background 
--__--__ 

IGT has developed and demonstrated a cost-effective remediation technology for contaminated soils 
at former manufactured gas plant (MGP) sites. The technology, which is known as the MGP-REM 
process, is based on the enhancement and acceleration of indigenous biological activity and the 
application of chemical treatment. The chemical treatment uses hydrogen peroxide and iron salt 
(Fenton’s reagent) to oxidize polynuclear aromatic hydrocarbons (PAHs), making them more 
amenable to biological treatment. 

The MGP-REM process is faster and achieves a significantly higher degree of cleanup than the 
conventional biological process alone. Moreover, it costs no more than conventional bioremediation 
and is considerably less expensive than incineration. IGT successfully fieldtested the technology in 
the landfarming mode from 1991 to 1993 and in the soil-slurry mode in 1993-1994. In-situ fieldtests 
are expected to start in 1995. The work is being funded primarily by the Gas Research Institute 
(GRI), IGT’s Sustaining Membership Program, various gas companies, and the U.S. Environmental 
Protection Agency. 

Top of Page 
List of Spotlights 

Bioslurry Remediatiou 

To test the treatment of PAH-contaminated soils, IGT first conducted a bench-scale treatability test 

http://www.igt.org/text-biotechn.htm 9/21/98 
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developed by IGT and GRI. Upon a successful outcome to the test, IGT and its commercial partners 
operated a pilot-scale bioslurry reactor system based on the MGP-REM process at a MGP site in 
New Jersey. One project goal was to demonstrate that the technology is capable of reducing PAH 
levels to proposed standards set by the New Jersey Department of Environmental Protection. 
Another goal was to ensure that the system does not emit volatile organic carbons (VOCs) above 
allowable levels. 

The flow diagram below depicts the pilot-scale bioslurry reactor system. The slurry tank system is 
divided into three independent but interconnected reactor units. Each unit can be operated as either 
the bioreactor or the chemical reactor. One of the three units is the slurry reactor. 

The treatment process starts with the excavation of the soil, which is screened through a 2-inch 
screen before being mixed with water in the attrition scrubber. Slurry from the attrition scrubber 
passes a 20-mesh shaker screen, which removes particles as small as 0.1 mm, and enters the slurry 
reactor. In the reactor, the sieved slurry is mixed with water to reach a desired solids content. The 
slurry is then pumped to the respective reactors for either biological or chemical treatment. After 
treatment, the slurry is pumped to a thickener where the water is removed. The water is stored for 
reuse. and the thickened solids are made available for backfill at the site. 

Off-gas from the reactor system is collected and treated by two granular activated carbon (GAC) 
canisters operated in series. The GAC adsorbs any VOCs released during the process and prevents 
their emission into the air. Off-gas monitoring devices connected in front of the GAC canisters look 
for contaminant emission and help make the process very safe. 

i Top of Page 
j List of Spotlights 

Capabilities 

IGT’s Biotechnology and Environmental Engineering Research Group has the capabilities to 
undertake all aspects of MGP site remediation studies. Its resources includes a cross-disciplinary 
team of scientists and engineers experienced in conducting laboratory-scale research, bench-scale 
development, pilot- and field-scale demonstration, and technoeconomic assessment of environmental 
programs, To conduct such work, IGT has modern well-equipped laboratories and bench- and 
pilot-scale facilities: as well as a full in-house complement of analytical, design, and engineering 
support services. IGT’s cost-effective, results-oriented problem-solving capabilities are recognized 
by a wide range of government, institutional, and industrial clients. IGT has also established business 
relationships with remediation and engineering companies to transfer the technical knowledge for 
full-scale site remediation. 

j Top of Page 
\ List of Spotlights 

Contract Research 

IGT is a not-for-profit research center that conducts contract work for government and industrial 
clients. The Institute’s Biotechnology and Environmental Engineering Research Group will be glad 
to work with you in finding solutions to your problems in the areas of energy supply, energy 
utilization. and environmental protection and remediation. 

Top of Pau,e 
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For more information, contact - 

Vipul J. Sri\~;lsti~\~a 
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Shamrock Environmental 

6IO6 Corporate Park Drive 
Browns Summit, NC 2 7214 

(800) 88I-1098 or (336) 375-l 989 

Far (336) 3751801 

FAX TRANSMISSION COVER SHEET 

Date: Octobm 7, IS% 

To: EUm Bjerklie - Bakff lhvironmentil 

FLLYZ (4 12) 2651-2002 

Re: Yorktowx (VA) Naval Weqz’ons Station - Soil Dtiposal 
Sliumrock Proposal Nunrlxr PK 98-809# 

Seprder IGnPl Wz?h 

YOU SHOULD KECEm 5 PAGE(S), llNCLUDlNG l-HIS CO&% SIIEET. IF 
YOU DO NO’1’RECEfVEALL THE PAGES, PLEASE CALL (800) 881-1098 or 

(336) 3z5-1989. 

Dear Ellen, 

Sorry for the delay on this proposal. The “explosive” compounds have generated a 
ce.rtain amount of concern from disposal vendors. Prior to firm pricing, it VVZ be 
necessary to evaluate the RDX and HMX concentrations more doselv. 

He&e call (SOO) 88 I- 1098 with questions. 

TOO @ NOUANS X30-S TOSTSLCOTB XV.4 0S:TT 86/LO/OT 



October 7, 1998 

Ms. Ellen Bjerklie 
Baker Environmental, Inc. 
420 Rouser Road 
Airport O&e Park Building 3 
Coraopolis, BA 15 108 

Phone (412) 2GY-61 I7 
Fax (412) 269-2002 

Refr Waste Disposal (Yorktown, VA) 
Shamrock Proposal Number PR98-80946 

Dear Ms. Bjerklie: 

Shamrock Environmental Corporation (Shamrock) is pleased to provide Baker Environmental, Inc. 
(Baker) with this proposal for transportation and disposal of contaminated soil from a project site in 
Yorktoug Vnginia. This proposal is based upon information provided by Baker. 

It is the understanding of Shamrock that Baker requires pricing for the transportation and disposal 
of approximately 136 cubic yards of contaminated soil fi-om an impacted site in Yorktown, VA. The 
soil contains maximum concentrations of items listed in Table l_ The soil will be loaded by Baker. 
Shamrock will provide transportation and disposal services. 

Total PAH’s 

RDX (expIosive compound) 

HMX (explosive compound) 
t 

PCB’s 

64 PPm 

30~~ 

17,000 ppm 

11 eem 

Lead 371 ppm 

Mercury 16 PPm 

Cobalt 

COPPer 

Zinc 

168 ppm 

14,700 ppm 

504 eem 

Eo, Bcrx 14987 l Greensboro, NC 274% l 6106 CorpOrare park Dr. - Bmwns Summit, NC 27214.336-375-1989 l 800-8&1C#8 l Fax 336375-1801 
Website:wvw.shamrocbenuiro.ccrn 

t” 
E-ma% shammcke&ro@?wcrldnet.atUlcr 

ZOOS NOXIAN3 B30WWHS TOkTSLCOT6 XVd 0'ii:TT 88/LO/OT 



Ms. Ellen Bjerklie-Baker Environmental, kc. 
Shamrock Proposal Number PR98-80946 

October 7, 1998 

It is unknown whether this material will be Listed as a hazardous waste or not; however, the EPA 
waste code of KO4-4 for “wastewater treatment sIudges from the manufacture of expIosives should 
be evaluated during review of possible process codes that may apply to RCRA characterization. 

Shamrock’s estimate for the rranponarion and disposal of this material follows in tie attached Price 
Schedule. Please call me at (800) 881-1098 with any questions regarding this project. 

Corporation 

EOOlpj NOXIANS li3OZfIWHS TOBTSLCOTB XVd 0S:TT 86/LO/OT 



Pnce Scheaule 
Waste Disposal (Yorktown, VA) 

Shamrock Proposal Number PR98-80946 
October 7,199s 

Hazardous Waste Soil for Incineration 

Transport&ion 
Disposal 

$2,95O.OO/load 
$895.00/tori 

Non-Hazardous Soil for Thermal Desorptiou 

Transportation $1,975.OO/load. 
Disposal $255.OO/ton 

Hazardous Waste Soil for Sub-Title C LaudfZl 

Transponation $2,650.00/lead 
Direct Landfill $98.00/tori 

Hazardous Waste Soil for Stabilization and Sub-Title D Landfill 

Transportation 
Treatment and Disposal’ 

Non-Hazardous Soil for Sub-Title D La&ill 

!§2,650.00/load 
$135.OO/ton 

Transpotition 
Direct Landfill 

$33O.OO/load 
$45.00/tori 

lassumes mercury at G60 ppm total 

POO@ NOXIAN3 83OlIlWHS T08TSLEOT6 XVJ 0S:TT 86/LO/Oi 



P- 4 

Ms. Ellen Bjerklie-Baker Environmental, Inc. 
Shamrock Proposal Number PR98-80946 

October 7, 1398 

Based on disposal acceptance in facilities as uoted 

Based upon clarification of %@osive ” compounds. Pricing assumes this muterial is not dqWed 
as an e+otie ma&xi& by EPA. DO 7 ok disposal facility. 

Pricing does not in&de excavation or loading 

Transport&on demurrage @er two hours on stte af SE. 00~770~. 

Disposal approval7 at applicable dispoxzf facilities ar Troted 

Pricing validfor 60 days. 

Pricing does m3f in&de debris d@osaL 

Trmzsportation pricing bayed upon 22 ton minimum per Ioad in end dumps. 

noovJ NOtIIANS X3OlUWHS T08KSLfzOT6 XYd 0s’: TT 80/LO/OT 
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September 251998 

Ellen Bjerklis 
Baker Environmental 
420 Rouser Rd 
Coropolis, PA ‘I 5106 

Dear Ellen! 

I am enclosing some Estimated Pricing for the Soil from the Yorktown, VA Project for 
your planning purposes. There are still plenty of questions that need to be answered 
before we can accept this for disposal but this should help pu out. 

135 Yd3 of soil wjth the following iaboratory results: 

Constituent 
mm8 (PPm) 

fUiaximum Concentration ( ppb ) UTS 

Naphthalene 
Acenapththylene 
Acenapthene 
Fluorene 
Phenanthrene 
Anthrecene 
Carbazole 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(b)fluorantnene 
Benzo(k)fluorantnene 
Benzo(a)fluorantnene 

1,600 5.6 
75 3.4 

1,500 3.4 
2,600 3.4 
14,000 5.6’ 
2,900 3.4 
2,000 N/A 
11,000 3.4’ 
6,000 8.2 
4,500 3.4’ 
5,000 3.4’ 
4,200 6.8 
2,600 6.8 
3,400 3.4” 



kkr. c3. lYYt5 3.llr1'1 Ll-lJ.lJLt-lL*I "r-U-G-l I I", ,J .-. ___ 

Ideno( 123cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g, h,i)perylens 
Total PC6 

EE (Explosive) 
Lead 
M@fCXll-y 
Zinc 

1,100 
540 
740 

10,000 
17,000,000 
30,000 
129 mgkg 
16.6 mg/kg 
?? 

. 

3.4 
0.2 
1.8 
IO 
?? 
?? 
0.75 -TCLP ?” 
0.025 -TCLP ?- 
4.3 - TCLP 

* results exceed the UTS limits for NWVV 

Note: we will need some kind of Explosive test done, 

Landfill -- Subtitle C 

Waste approval at the Pinewood landfill must meet the Universal Treatment Standards 
( UTS ) prior to Landfining if it carries any of the Charaoteistic Waste Codes DO04 thru 
DO43. We can Stabilize the DO64 thru DO1 1 Metals but the UTS for organics must be 
below the Standards listed above. 

,/-, 
Hazardous 
Disposal for Stabilization 
SC Tax 

@z $155.00 495.00 / ton 
@ 39.00 / ton 

Transportation @ 1150.00 I load (20 tons) 

NonHar 
Disposal for direct landfill 
SC Tax 

@ $65.00 /ton 
@ 15.70 I ton 

Transportation @ 1150.00 I load 

Incineration 

Disposal at the S-K C\ragonite, Utah facility. @ $600.00 - 1,200.OO / tOtI 

Utah Tax @I 28.00 /ton 

Transportation @ 7,000 / load (20 tons) 

NOTE : Both facilities will need a preshipment sample for approvals 

,A%+, 
An Idea may be to excavate the material and place in rolloffs and then we can assist 
you in the additional sampling and testing required.for disposal approval. 







TABLE E.l-1 

SITE 2 COST ESTIMATE: RAA 2 - NO ACTION WITH MONITORING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

kmd 
Pre-construction Submittals Work, E&S, & QC Plans 

MobilizationiDemobilization 

Contract Administration Invoicing, project management, field supenismn H&S, etc. 

Record drawings, etc. 

u&e Soil, Surface Water, Sediment Monitoring 

Sampling-Labor 2 gedeng. samplers :@ $4O;hr ea ; 4 day/event; 2 events/y, 10 hrs/day 

Sampling-Travel/Per Diem Airfare, per diem, hotel, rental car for 4 days for 2 people 

SoiVSediment Sampling. Analysis 

svocs Baker Average BOAS 28 sail samples + 6 sediment samples; 2 eventsfyear 

PCBs Baker Awage BOAS 28 soil samples + 6 sediment samples; 2 events/year 

Inorganics Baker Average BOAS 28 soil samples + 6 sediment samples; 2 event+ear 

Surface Water Sampling - Analysis 

svocs Baker Awage BOAS 6 surface water samples; 2 e~ents’year 

PCBs Baker Average BOAS 6 surf-ace water samples; 2 events,year 

Inorganics Baker Average BOAS 6 surface water samples; 2 events&ear 

Includes Hnu rental, H&S equipment, sampling & decon expendables, ice 
Miscellaneous Expenses 

Assume 6% of Total Direct Capital Costs 

Contingency Allowance Asssume 15% of Total Direct Capital Costs 
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TABLE E.l-1 (continued) 

SITE 2 COST ESTIMATE: RAA 2 - NO ACTION WITH MONITORING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

.NNUAL OPERATION AND MAINTENANCE COSTS 

wface Soil, Surface Water, Sediment Monitoring 

Sampling-Labor 

Sampling - Travel&z Diem 

SoiUSediment Sampling-Analysis 

svocs 

PCBs 

Inorganics 

Surface Water Sampling - Analq’sis 

svocs 

PCBs 

Inorganics 

Miscellaneous Expenses 

Hrs. 

E\ent 

Sample 

Sample 

Sample 

160 

2 

68 

68 

68 

$40.00 

$2,200 

$230 

$100 

$100 

$6,400 

$4,400 

$15,640 

$6,800 

$6,800 

Engr. Est. 

Engr. Est. 

Baker Average BOAS 

Baker Average BOAs 

Baker Average BOAs 

Baker Average BOAS 

Baker Awage BOAS 

Baker Average BOAs 

2 geohg. samplers :g $4O/hr ea.; 4 days’exnt; 2 events/y, 10 hrsiday 

Airfare, per diem, hotel, rental car for 4 days for 2 people 

28 soil samples + 6 sediment samples; 2 esents:year 

28 soil samples + 6 sediment samples; 2 events!year 

28 soil samples + 6 sediment samples; 2 e~ents/year 

6 surface water samples; 2 e~ents!year 

6 surface water samples; 2 e~ents’year 

6 surface water samples; 2 exnts’year 

Includes Hnu rental, H&S equipment, sampling & decon expendables, ice 



TABLE E.l-2 

SITE 2 COST ESTIMATE: RAA 3 - SOIL WASHING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost Component Unit Quantity Unit Cost Subtotal Cost Total Cost SOtKCtT BasisKZomments 

l%RECT CAPITAL COSTS 

-eneral 

Pre-construction Submittals LS 1 $20,000 $20,000 Engr Est Work, E&S, H&S, & QC Plans; Permits; Shop Draxings 

Treatability Study LS 1 $20,000 $20,000 Engr. Est. Soil wabing treatment bench-scale study 

Mobilization/Demobilization LS 1 $75,000 $75,000 Engr Est ; vendor quote Includes mobidemob for soil washing subcoctractor 

Decontamination Pad LS 1 $10,000 $10,000 Engr. Est. Includes deconlaydown area 

Stockpile Area LS 1 $10,000 $10,000 Engr. Est. Stockpile area for treated soil 

Contract Administration LS 1 $40,000 $40,000 Engr. Est. Invoicing, project management, field supenision, H&S, etc. 

Post-Construction Submittals LS I $10,000 $10,000 Engr. Est. Record drawings, etc. 

enera. - Subtotal $185,000 

ite Work 

Clearing and Grubbing ACR 0.5 $1,300 $650 Engr. Est., Means Site Work, 1998, 021-1040150 For wooded areas at Site 2 

Temporary Safety Fencing LF 1,300 $3.32 $4,316 Engr. Est.; hieans Site Work, 1998,028-320-5000 Assumes safety fencing around excavated areas 

Temporary Silt Fencing LF 1,600 $0.82 $1,312 Engr. Est.; Means Site Work, 1998,022-7041000 Assumes silt fencing downgradIent from excavated areas 

Site Restoration: 

B&fill CY 395 $5.60 $2,212 Engr. Est., Al2 I-724-1400 Assumes6" backfill 

Assumes 6” of top soil; cost includes mat’l, hauling from stockpile & 
Topsoil CT 395 $17.04 $6,731 Engr Est.; hfesns Site n’ork, 1998,022-216-7000 compacting 

Fine Grading/Seeding (Revegetation) SY 2,225 $2.19 $4,873 Engr. Est ; Means Site Work, 1998,022-286-1000 Rmegetate all disturbed areas 

te Work _ Subtotal 1 I $20,094 



TABLE E.l-2 (continued) 

SITE 2 COST ESTIMATE: RAA 3 - SOIL WASHING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Excavation of Contaminated Soil Engr. Est ; hieans Site Work, 199X,022-242-2000 Assuming I foot deep excavation 

Con&nation Sampling - Analysis 

Assumes samples from bottom and walls of excavation areas; add 100% to 

svocs Baker Average BOA cost for quick turn analysis 

Assumes samples from bottom and walls of excavation areas; add 100% to 

PCBs Baker Ayerage BOAS cost for quick turn analysis 

Assumes samples from bottom and walls of excavation areas; add 100% to 

Inorganics Baker Average BOAS cost for quick turn analysis 

Sampling - Labor 2 geo./eng. samplers I@ $4O,lu ea; 4 dais; 10 hrs!day 

Sampling - TraveliPer Diem Airfare, per diem, hotel, rental car for 4 days for 2 people 

Treatment Process Sampling-Analysis 

svocs aker Average BOAs Assumes 1 sample+eek for 1 year, add lOO?/, to cost for quick turn analysis 

PCBs aker Average BOAS Assumes 1 sample.‘week for 1 year; add 100% to cost for quick turn analysis 

IIlOrgWliCS aker Average BOA Assumes 1 sample!week for 1 year; add 100% to cost for quck turn analysis 

Includes Hnu rental, H&S equipment, sampling & decon expendables, ice d 
hIisc.ellaneous Expenses 

Reporting 

Loading into Soil Washing Unit gr. Est.; Means Site \Vork, 1998, 022-216-4000 Assumes lO?b increase due to additives 

Soil Washing Operation gr. Est.; vendor quote 

300 CY filter cake I@ 120 pcf = 485 tons; 22 truckloads; assume 
Disposal of Filter Cake gr Est.; vendor quote s; $2650Aoad + $135!ton treat and dispose 

Wastewater Treatment Unit gr. Est.; hleans Site !t’ork, 1998, 027-354-0100 sum 1500 gallon fiberglass tank 

Assume 60.6 of Total Direct Capital Costa 

Assume 15% of Total Direct Capital Costa 



TABLE E.l-3 

SITE 2 COST ESTIMATE: BAA 4 - ON-SITE BIOLGICAL TREATMENT 

Cost Component 

URECT CAPflAL COSTS 

unit 

NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Quantity Unit Cost Subtotal Cost Total Cost SOtWe BasisiComments 

Ieneral 

Pre-construction Submittals 

Treatbility Study 

Mobilization/Demobilization 

Decontamination Pad 

Stockpile Area 

Contract Administration 

Post-Construction Submittals 

!eneral - Subtotal 

ite Work 

Clearing and Grubbing 

Temporary Safety Fencing 

TemporaT Silt Fencing 

Site Restoration 

LS 

LS 

LS 

LS 

LS 

LS 

LS 

Acre 

LF 

LF 

I $20,000 S20,OOO Engr Est Work, E&S, H&S, & QC Plans; Permits; Shop Drawings 

I $20,000 $20,000 Engr. Est ; vendor quote Biological treatment bench-scale study 

I $50,000 $50,000 Engr. Est Includes mob:demob for all subcontractors 

I $10,000 $10,000 Engr Est. Includes deconlaydown area 

I $10,000 $10,000 Engr. Est. Stockpile area for treated soil 

1 $40,000 $40,000 Engr. Est. Invoicing project management, field supewision, H&S, etc 

1 $10,000 $10,000 Engr. Est. Record drawings, etc 

$160,000 

0.50 $1,300 $650 Engr Est ; Means Sate \Vork, 1998,021-1040150 For wooded areas at Site 2 

1,300 $3 32 $4,316 Engr. Est., Means Sate Work, 1998, 028-320-5000 Assumes safety fencing around excavated areas 

1,600 $0.82 $1,312 Engr. Est., Means Site Work, 1998,022-704-1000 Assumes silt fencing dov.ngradient from excavated areas 

Backfill 

Topsoil 

Fine Grading/Seeding (Revegetation) 

ite Work - Subtotal 

CY 

CY 

ST 

39s $5.60 $2,212 

395 $17.04 $6,731 

2,225 $2.19 $4,873 

Engr Est ; Means Site i\;ork, 1998, Al?.l-7241400 Assumes 12” backfill from on-site borrow pit (no material costs) 

A~tnms 6” of top soil; cost includes marl, hauling from stockpile & 
Engr. Est.; Means Sate Work, 1998, 022-216-7000 compactntg 

Engr Est ; hleans Site IVork, 1998,022-286-1000 Revegetation over all disturbed areas 

$20,094 
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TABLE E.l-3 (continued) 

SITE 2 COST ESTIMATE: RAA 1 - ON-SITE BIOLGICAL TREATMENT 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

C K3ite Biological Treatment 

Excavation of Contaminated Soil 

Confirmatory Sampling - Labor 

Contiiatory Sampling _ Analysis 

svocs 

PCBs 

Inorganics 

Sampling - Travel/Per Diem 

Transport to Biosluny Area 

Biological Treatment Operation 

Transport to La&farming Area 

Landfarming Operation 

Treatment Process Sampling - Analysis 

CY 

HR 

Sample 

Sample 

Sample 

185 

80 

50 

50 

50 

$1.68 

$40 

$440 

$200 

$200 

Engr Est.; Means Site Work, 1998,022-238-0260 

Eng Est 

Baker Average BOAS 

Baker Average BOAS 

Baker Average BOAS 

Engr Est ; Means Site Wo’ork, 1998,022~X6-0500 

Engr Est.. vendor quote 

Eng Est , Means Site Wo&, 1998,022-266-0500 

Assumes 1’ deep excavation. 

2 geo.!eng samplers @ MO,?u ea.; 4 days, IO hrs:‘day 

Assumes samples from bottom and walls of excavation areas; add 100% 
cost for quick turn analysis 

Assumes samples from bottom and walls of excavation areas; add 100?4 
cost for quick turn analysis 

Assumes samples from bottom and walls of excavation areas; add 100% 
cost for quick turn analysis 

Airfare, per diem, hotel, rental car for 4 days for 2 people 

Assumes 12 CT dump trailer, 4 mile round trip to existing biocell at Site 
22; a.wme~ 1.2 bulking factor of 785 cubic yards in place 

Operation of the existing biocell Includes additives and labor. Assumes 
2O?,b increase in volume due to additives. 

Assumes 12 CT dump trailer, 4 mile round trip from Site 22 biocell to 
landfarming area at Site 24 

svocs 

PCBs 

Inorganics 

A~iisce11aneou.s Expenses 

Reporting 

In-Site Biological Treatment - Subtotal 

Baker Average BOA 

Baker Average BOAS 

Baker Average BOAS 

Assume 20 samples from biocell and 20 samples from land&n 

Assume 20 samples from biocell and 20 samples from landfarm 

ssume 20 samples from biocell and 20 samples from landfarm 

c 

n 

Engineering and Design 

Contingency Allowance Assume 15% of Total Direct Capital Costs 

n 

C 

$520,000 IBy:ELB Chk: IDate Completed: October , 1998 



TABLE E. l-4 

SITE 2 COST ESTIMATE: RAA 5 - INCINERATION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

eneral 

Pre-construction Submittals \Vork, E&S, H&S, & QC Plans; Permits; Shop Drawings 

Mobilization/Demobilization Includes mobidemob for excavation equipment 

Decontamination Pad Includes decon’laydov.n area 

Contract Administration InvoIcing, project management, field super&ion, H&S, etc 

Post-Construction Submittals Record drawings, etc. 

.te Work 

Clearing and Gabbing ACR 0.5 $1,300 $650 Engr. Est., Means Site Work, 1998,021-104-0150 For wooded areas at Site 2 

Temporary Safety Fencing LF 1,300 $3 32 M,316 Engr Est.; Means Site Work, 199X,028-320-5000 Assumes safety fencing around excavated areas 

Temporary Silt Fencing LF 1,600 $0.82 $1,312 Engr. Est.; Means Site Work, 1998,022-704-1000 Assumes silt fencing downgradient from excavated areas 

Site Restoration 

Backfill CY 395 $5 60 $2,212 Engr Est ; Means Site Work, 1998, AlZ.l-+24-1400 Assumes 6” backfill from on-site borrow pit (no material costs) 

Assumes 6” of top soil; cost includes mat’], hauling from stockpile & 
Topsoil CY 395 $17.04 $6,731 Engr. Est.; Means Site Work 1998,022-216-7000 compacting 

Fiie Gradingiseeding (Revegetation) SY 2,225 $2.19 $4,873 Engr Est ; hfeans Site Wor!x, 1998,022-286-1000 Revegetation over all dis+I50turbed areas 

te Work - Subtotal $20,094 



TABLE E.14 (continued) 

SITE 2 COST ESTIMATE: BAA 5 - INCINERATION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

lcineration (Assuming Hazardous) 

Excavation of Contaminated Soil 

Confiiatory Sampling - Analysis 

svocs 

.PCBs 

Jnorganics 

Confirmatory Sampling - Labor 

Sampling - TravelPer Diem 

Miscellaneous Expenses 

Loadii of Soil 

Incineration Fees 

CY 

Sample 

Sample 

Sample 

HR 

$1.68 

w40 

$200 

$200 

$40 

Engr. Est., Means Site Work, 1998,022-238-0260 

Baker Average BOAs 

Baker Average BOAS 

Baker Average BOAS 

Engr Est. 

Engr Est.; hieans Site Work 1998, 022-216-4000 

Engr. Est.; vendor quote 

Engr Est.; vendor quote 

Assuming 1 foot deep excavation 

Ammes samples from bottom and wlls of excavation areas; add 1OO”o to 
cost for quick turn analysis 

Assumes samples from bottom and walls of excavation areas; add 100% to 
cost for quick turn analysis 

Assumes samples from bottom and walls of excavation areas; add 100% to 
cost for quick turn analysis 

2 geohg. samplers @ $4O/hr ea.; 4 days, IO hrsjday 

Airfare, per diem, hotel, rental car for 4 days for 2 people 

Includes Hnu rental, H&S equipment, sampling & decon expendables, ice & 

Assumes 1.2 bulking factor of in place cubic yards 

Includes disposal costs; 120 pcf 

Contingency Allowance 

Assume 6% of Total Direct Capital Costs 

Assume 15% of Total Direct Capital Costs 



TABLE E. l-5 

SITE 2 COST ESTIMATE: BAA 6 - OFF-SITE LANDFILL DISPOSAL 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost Component Wit Quantity Unit Cost Subtotal Cost Total Cost Sotuce Basm’Comments 

rIRECT CAPITAL COSTS 

.eneral 

Pm-constnrction Submittals LS I $20,000 $20,000 Engr. Est Work, E&S, H&S, & QC Plans; Permits, Shop Drawings 

Iv~obilizatiorvDemobilimtion LS 1 $20,000 $20,000 Engr Est Includes mob/demob for excavation equipment 

Decontamination Pad LS 1 $10,000 $10,000 Engr. Est Includes deconlaydonn area 

Contract Administration LS 1 $40,000 $40,000 Engr Est Invoicing, project management, field supewisron, H&S, etc. 

Post-Constmction Submittals LS 1 $10,000 $10,000 Engr. Est. Record drawings, etc. 

eneral - Subtotal $100,000 

ite Work 

Clearing and Grubbing Acre 0.5 $1,300 $650 Engr. Est.; hfeans Site Wok. 1998,021-104-0150 For wooded areas at Site 2 

Temporary Safety Fencing LF 1,300 $3.32 $4316 Engr. Est.; Means Site Work, 1998,028-320-5000 Assumes safety fencing around excavated areas 

Temporary Silt Fencing LF 1,600 $0.82 $1,312 Engr Est., Means Site Work, 1998, 022-704-1000 Assumes silt fencing dowgradient from excavated areas 

Site Restoration 

BaCktill CS 395 $5.60 $2,212 Engr Est.; Means Sate Work, 1998, A12.1..724-1400 Assumes 6” backfill from on-site bonorv prt (no material costs) 

Assumes 6” of top soil; cost includes mat’l. hauling from stockpile & 
Topsoil CS 39s $17.04 $6,73 1 Engr. Est.; hleans Site Work, 1998,022-216-7000 compacting 

Fine GradingSeedmg @vegetation) ST 2,225 $2.19 $4,873 Engr Est.; h1ean.s Site Work, 199X,022-286-1000 Revegetation over all disturbed areas 

Ite Work - Subtotal $20,094 
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TABLE E.l-5 (Continued) 

SITE 2 COST ESTIMATE: RAA 6 - OFF-SITE LANDFILL DISPOSAL 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

DIRECT CAPITAL COSTS (NON-HAZARDOUS) -TOTAL 

DIRECT CAPITAL COSTS (HAZARDOUS) - TOTAL 

INDIRECT CAPITAL COSTS (NON--0US) 

Engineering and Design LS 

Contingency Allownce LS 

$261,514 

$505,004 

I $15,691 $15,691 Engr Est Assume 6% of Total Direct Capital Costs 

1 $39,227 $39,227 Engr Est Assume 15% of Total Direct Capital Costs 

I I I I I 

INDIRECT CAPITAL COSTS (NON-HAZARDOUS) - TOTAL I I $54,918 

CAPITAL COSTS-NON-HAZARD OUS (DIRECT AND INDIRECT) ~$316,431 

INDIRECT CAPITAL COSTS (HAZARDOUS) I I I 
Engineering and Design 

Contingency Allowance 

Assume 6% of Total Direct Capital Costs 

Assume 159~6 of Total Direct Capital Costs 





TABLE E.2-1 

SITE 8 COST ESTIMATE: BAA 2 - NO ACTION WITH MONITORING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

eneral 
Pre-construction Submittals Work, E&S, & QC Plans 

hlobilization/Demobilization 

Co&act Admhistration Invoicing, project management, field supervision, H&S, etc. 

Post-Constmction Submittals 

orface Soil, Surface Water, Sediment Monitoring 

Semi-annual sampling; 2 day&vent; 1 geo./eng. sampler @ $4O,h.; 2 
Sampling - Labor 

Sampling - Travel/Per Diem Airfare, per diem rental car for 2 days for 1 person 

Soil/Sediment Sampling - Analysis 

svocs Baker Average BOAS 4 soil f 3 sediment (@2 depths)= 10 samples/event 

PCBs Baker Average BOA 4 soil + 3 sediment bz2 depths)= 10 samples!event 

Explosives Baker Awage BOAS 4 soil + 3 sediment (~32 depths)= 10 samples/event 

Inorganics Baker Axwage BOAS 4 soil + 3 sediment @2 depths)= 10 samples&mt 

Surface Water Samplmg - Analysis 

svocs Baker Awage BOAS 3 surface xater samples; 2 events/y 

PCBs Baker inwage BOAS 3 surface water samples; 2 events/y 

Explosives Baker Average BOAS 3 surface water samples; 2 event.@ 

Inorganics Baker Average BOAS 3 surface wter samples; 2 events&T 

hiiscellaneow Expenses Engineering Estimate 

Reporting 

Engineering and Design Assume 6% of Total Direct Capital Costs 

Contingency Alowance A.wxne 15% of Total Direct Capital Costs 



TABLE E.2-1 (continued) 

SITE 8 COST ESTIMATE: RAA 2 - NO ACTION WITH MONITORING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

JWUALOPERATIONANDMAlNTENANCECOSTS 

:tiace Soil, Surface Water, Sediment hhnitoring 

Semi-annual sampling; 2 days!exwt; 1 geo..‘eng sampler I@ $4Oh; 2 
Sampling-Labor Hrs. 40 $40.00 $1,600 Engr Est. eventy, 10 h&day 

Sampling - TraveVPer Diem Event 2 $900 $1,800 Engr Est Airfare, per diem, rental car for 2 days for 1 person 

Soil/Sediment Sampling-Analysis 

svocs Sample 20 $230 $4,600 Baker Average BOA 4 soil + 3 sediment (@2 depths)= 10 samples;event 

PCBs Sample 20 $100 $2,000 Baker Average BOAS 4 soil + 3 sediment (@2 depths)= 10 samplwevent 

Explosives Sample 20 $95 $1,900 Baker Average BOAS 4 soil + 3 sediment (@2 depths)= 10 samples!event 

Inorganics Sample 20 $100 $2,000 Baker Average BOAS 4 soil + 3 sediment (@2 depths)= IO samples/event 

Surface Water Sampling-Analysis 

svocs Baker Average BOAS 3 surface water samples; 2 events/y 

PCBs Baker Average BOA 3 surface water samples; 2 events$r 

Explosives Baker .&wage BOAS 3 surface water samples; 2 e~ents$ 

Inorganics Baker Average BOAS 3 surface water samples; 2 events/y 

Includes Hnu rental, H&S equipment, sampling L decon expendables, ice 
Miscellaneous Expenses Engineering Estimate 

Repohg 

KAA 2 S490,OOO IBy: ELB cbk: IDate Completed: October , 1998 



TABLE E.2-2 

SITE 8 COST ESTIMATE: RAA 3 - SOIL WASHING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost Component 

IIRECT CAPITAL COSTS 

ieneral 

Pre-construction Submittals 

Treatability Study 

~obilization/Demobilization 

Decontamination Pad 

Stockpile Area 

Contract Administration 

Post-Consttuction Submittals 

awal - Subtotal 

ite Work 

Clearing and Grubbing 

Ternpow Safety Fencing 

Temporay Silt Fencing 

Site Restoration: 

Backfill 

Topsoil 

Fine Grading/Seeding (Revegetation) 

ite Work - Subtotal 

Unit 

LS 

LS 

LS 

LS 

LS 

LS 

LS 

ACJ? 

LF 

LF 

CS 

C’i 

SY 

Quantity Unit Cost Subtotal Cost Total Cost Source Basis/Comments 

I $20,000 $20,000 Engr Est Work E&S, H&S, & QC Plans; Permits; Shop Drawings 

1 $20,000 $20,000 Engr Est. Soil washing treatment bench-scale study 

I $75,000 $75,000 Engr. Est.; vendor quote Includes mob/demob for soil washing subcontractor 

1 $10,000 $10,000 Engr Est. Includes deconflaydo\w area 

1 $10,000 $10,000 Engr. Est. Stockpile area for treated soil 

1 $40,000 $40,000 Engr Est. Invoicing, project management, field supenGion, H&S, etc. 

1 $10,000 $10,000 Engr. Est. Record drawings, etc. 

$185,000 

0.05 $2,600 $130 Engr. Est., hleans Site Work, 1998,021-104-0150 For wooded areas at Site 8; add 100% for small area 

120 $3.32 $398 Engr Est., Means Site Work, 1998,028-320-5000 Assumes safety fencing by access road 

190 $0.82 $156 Engr Est.; hleans Site Work, 1998,022-704-1000 Assumes silt fencing dov.ngmdient of excavation area 

15 $1120 $168 Engr. Est., Aleans Site Work, 1998, Al2.1-7241400 Assumes 6” bactili; add 100% for small area 

Assumes 6” of top soil; cost includes mat’], hauling from stockpile & 
15 $34.08 $511 Engr Est ; Means Site Work, 1998,022-216-7000 compacting, add 100% for small area 

185 $438 $810 Engr Est., Means Site Work, 1998, 022-286-1000 Revegetation over disturbed areas; add 1009’, for small area 

$2,114 



TABLE E.2-2 (continued) 

SITE 8 COST ESTIMATE: RAA 3 - SOIL WASHING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

‘reatment - soil Washing 

Excax*ation of Contaminated Soil 

Confirmation Sampling-Analysis 

svocs 

PCBs 

Explosives 

Inorganics 

Sampling - Labor 

Sampling - TravelPer Diem 

Loading Into Soil Washing Unit 

Soil \Vashing Operation 

Treatment Process Sampling - Analysis 

svocs 

PCBs 

Explosives 

Inorgamcs 

hIiscellaneous Expenses 

Reporting 

CS 

Sample 

Sample 

Sample 

Sample 

Hrs. 

LS 

$3.36 

$440 

$200 

$190 

$200 

$40 00 

$900 

$101 

$2,640 

$1,200 

$1,140 

$1,200 

$800 

$900 

Engr Est.; Means Site Work, 1998,022-238-0260 

Baker Average BOAs 

Baker Average BOAs 

Baker Average BOAs 

Baker Average BOAS 

Engr. Est. 

Engr. Est. 

Engr. Est.; Means Site Work, 1998, 022-216-4000 

Engr Est.; vendor quote 

Baker Average BOAs 

Baker Average BO.& 

Baker Average BOAS 

Baker Average BOAS 

Assume 1’ deep excavation 

Assume bottom and walls of excavation 

6 samples;lOO% cost increase for quxk turn analysis 

6 samples;lOO% cost mcrease for quick turn analysis 

6 samples;lOO?% cost increase for quick turn analysis 

6 samples;lOO% cost increase for quick turn analysis 

1 geo.ieng sampler I@ W.‘hr.; 2 days, IO b&day 

Airfare, per diem, rental car for 2 days for 1 person 

add 100% for small volume 

Assumes provision of plant, labor, utilities, chemicals, process analytical 

Assumes 1 sampWweek for 12 weeks 

Assumes 1 sample/week for 12 w&s 

Assumes 1 sample!week for 12 xeeks 

Assumes 1 sample/week for 12 weeks 

Includes Hnu rental, H&S equipment, sampling & decon expendables, ice & 

Disposal of Filter Cake 

Wastewater Treatment U 

Assume IO cy filter cake G 120 pcf = 16 tons; 1 truckload; assume hazardous; 

Engr Est.; vendor quote $2650/lead transportation + S135.ton treatment and disposal 

gallon fiberglass tank 

T 

D 

IT 

Contingency Allowance 

Assume 6?~6 of Total Direct Capital Costs 

Assume 15% of Total Direct Capital Costs 

TV... -..I_ --.---..- .._^.___.__-__ f3TAl.NRTPRPSPNT WCIRTU. RAA ? “1’. LLY , l.77” 





TABLE E.2-3 (continued) 
SITE 8 COST ESTIMATE: RAA 4 - ON-SITE BIOLOGICAL TREATMENT 

NAVAL WEAPONS STATION YORKTOWN. YORKTOWN. VTRr,lNlA 

‘reamrent - Biosluny and Soil Washing 

Excavation of Contaminated Soil 

Confllatory Sampling _ Labor 

Confilatory Sampling -Analysis 

SVOCS 

PCBs 

Explosives 

lnorganics 

Sampling - TraveliPer Diem 

Transport to Biosluny Area 

Biological Treatment Operation 

Transport to Landfanning Area 

CY 30 

HR 20 

Sample 6 

Sample 6 

SC3”lpIe 6 

Sample 6 

LS 1 

CY 36 

CY 43 

CY 36 

$1.68 

$40 

$440 

$200 

$190 

$200 

$790 

89.68 

$100 

$9.68 

$50 

$800 

$2,640 

$1,200 

$1,140 

$1,200 

$900 

$348 

$4,300 

$348 

-~ ~- ---- - .._. I - ----- - .‘-‘7 . ^^_-̂ _.-- 

Eng Est.; h1ean.s Site 1r’ork, 1998, 022-238-0260 Assumes 1’ deep excavation. 

Eng Est 1 geo ieng. sampler @ $4O/hr; 2 days, 10 brsiday 

Baker Average BOAS 6 samples;lOO% cost increase for quick turn analysis 

Baker Average BOAS 6 samples;lOO?‘o cost increase for quick turn analysis 

Baker Ayerage BOAS 6 samples;lOO% cost increase for quick two analysis 

Baker Average BOAS 6 samples;lOO% cost increase for quick turn analysis 

Engr. Est. Airfare, per diem, rental car for 2 days for 1 person 

Assumes 1.2 swelling factor; 12 CY dumptruck, 4 mile round nip; add 

Engr Est ; hieans Site Work, 1998,022-266-5000 lOO?/o for small volume 

Operation of the existing biocell Incl additives and labor. Assumes 20?.6 

Engr Est , vendor quote increase in volume due to additives; 120 pcf 

Assumes 12 CY dump trailer, 4 nule round trip from Site 22 biocell to 

Engr Est.; l&arts Site Work, 1998,022-266-0500 landfanning area at Site 24; add 100% for small volume 

Landfarming Operation 

Treatment Process Sampling _ Analysis 

CY 43 $50 $2,150 Engr. Est 

svocs 

PCBs 

Explosives 

I”OrganiCS 

Miscellaneous Expenses 

Reporting 

reatment - Biosluuy and Soil ‘A’ashing - Subtotal 

Sample 20 $220 M,‘tOO Baker Average BOAS Assume 10 samples from biocell and 10 samples from landfann 

Sample 20 $100 $2,000 Baker Ayerage BOAS A~surne 10 samples from biocell and IO samples from landfarm 

Sample 20 $95 $1,900 Baker Average BOAS Assume 10 samples Gem biocell and 10 samples from landfarm 

Sample 20 $100 $2,000 Baker Average BOAS Assume 10 samples from biocell and 10 samples from land&n 

Includes Hnu rental, H&S equipment, sampling & deco” expendables, ice 
Event 1 $200 $200 Engr Est. & DI water 

LS 1 $5,000 $5,000 Engr. Est. Letter report 

$30,577 
I 

Engineering and Design Awune 6% of Total Direct Capital Costs 

$235,000 IBy: ELB chk: IDate Completed: October , 1998 



TABLE E.2-4 

SITE 8 COST ESTIMATE: RAA 5 - INCINERATION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost component 

URECT CAF’ITAL COSTS 

ieneral 

Preconstruction Submittals 

Mobilization/Demobilization 

Decontamination Pad 

Contract Administration 

Post-Construction Submittals 

ieneral - Subtotal 

ite Work 

Clearing and Grubbing 

Temporay Safety Fencing 

Temporary Silt Fencing 

Site RestoratIon 

Backfill 

Topsoil 

Fine Grad&Seeding (Revegetation) 

Unit 

LS 

LS 

LS 

LS 

LS 

Subtotal 
Quantiw Unit Cost Cost Total Cost Source BasisXomments 

I $20,000 $20,000 Engr Est Work, E&S, H&S, & QC Plans; Permits; Shop Drawings 

1 $20,000 $20,000 Engr. Est. Includes mobidemob for excavation equipment 

I $10,000 $10,000 Engr. Est. Includes decon/laydown area 

1 $40,000 $40,000 Engr. Est. Invoicing project management, field supenislon, H&S, etc. 

I $10,000 $10,000 Engr Est Record drawings, etc. 

$100,000 

Eng. Est.; hfeans Site Work, 1998,021-104.0150 

Engr Est., hleans Site \\‘ork, 1998,02X-320-5000 sume~ safety fencing by access road 

Engr Est., hIeans Site Work, 1998,022-704-1000 sumes silt fencing downgradient of cxcavatlon areas 

Engr. Est.; hleans Site Work, 1998, Al? I-724-1400 sun-es 6” backfill; add 100% for smell area markup 

sumes 6” of top soil; cost includes mat’l, hauling from stockpile & 
Engr. Est ; hleans Site Work, 1998,0X?-216-7000 acting: add 1000.6 for small area markup 

Est , hfeans Site Work, 1998,022-286.1000 vegetation over disturbed areas, add 100% for small area 
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TABLE E.2-4 (continued) 

SITE 8 COST ESTIMATE: RAA 5 - INCINERATION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

lcineration (Assuming Hazardous) 

Excavation of Contaminated Soil 

Confinnatoq Sampling-Labor 

Confirmatory Sampling-Analysis 

svocs 

PCBs 

Explosives 

Inorganics 

Sampling - Trawl&r Diem 

hiiscellaneous Expenses 

Loading of Soil 

Incineration Fees 

Transportation 

CY 30 

HR 20 

Sample 6 

Sample 6 

Sample 6 

Sample 6 

LS 1 

$3.36 

$40 

$440 

$200 

$190 

$200 

$900 

$101 

$800 

$2,640 

$1,200 

$1,140 

$1,200 

$900 

Engr. Est ; hieans Site Work, 1998,022-235-0260 

Engr. Est. 

Baker Average BOAS 

Baker Average BOAS 

Baker Average BOAS 

Baker Average BOAS 

Engr. Est. 

Engineering Estimate 

Engr. Est.; Means Site Work, 1998,022-216-4000 

Engr. Est., vendor quote 

Engr. Est ; vendor quote 

Assumes 1’ deep excavation.; add 100% for small area 

1 gee ieng. sampler :g $4O,hr.; 2 days, 10 b&day 

6 samples;lOO?b cost increase for quick turn analysis 

6 samples;lOO?~~ cost increase for quick turn analysis 

6 samples;l00?~~ cost increase for quick turn analysis 

6 samples;lOO”‘a cost increase for quick turn analysis 

Ahfare, per diem, rental car for 2 days for 1 person 

Includes Hnu rental, H&S equipment, sampling & decon expendables, ice & 

Assumes 1 2 bulking factor of in place cubic yards; add 100% 

Includes disposal costs; assumes 120 pcf 

Assume 6% of Total Direct Capital Costs 

Assume I job of Total Direct Capital COSTS 



TABLE E.2-5 

SITE 8 COST ESTIMATE: RAA 6 - OFF-SITE LANDFILL DISPOSAL 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

ieneral 

Pre-construction Submittals Work, E&S, H&S, & QC Plans; Permits; Shop Drawings 

~obilizationiDemobilization Includes mob!demob for excavation equipment 

Decontamination Pad Includes decon’laydown area 

Contract Administration Invoicing, project management, field supenision, H&S, etc. 

Post-Construction Submittals Record drawings, etc. 

Clearing and Grubbing Engr Est.; hfeans Site Work, 1998,021-104-0150 For wooded areas at Site 8; add 100% for small area 

Temporary Safety Fencing Eng. Est ; hieans Site Work 1998,028-320-5000 Assumes safety fencing by access road 

Temporary Silt Fencing Engr Est., hieans Site Work, 1998,022-704-1000 Assumes silt fencing dowtgradient of excavation areas 

Site Restoration 

Backfill Engr. Est., hleans Site Work, 1998, A12.1-7241400 Assumes 6” backfill; add 100% for small area 

Assumes 6” of top soil; cost includes mat’l, hauling from stockpile & 

Topsoil Engr Est ; hieans Site \Vork, 1998,022-216-7000 compacting; add 100% for small area 

Fine Grading&eding (Revegetation) Engr Est , hleans Site Work, 1998,022-286-1000 Revegetation over disturbed areas; add 100% for small area 



-‘\i 

ff Site Disposal 

Soil Excavation Cl 30 $3.36 $101 Engr. Est., Means Site \Vork, 1998,022.238-0260 tisuming 1 foot deep excavation; add lOOoh for small volume 

confirmatoty Sampling-Labor 

Confirmatory Sampling - Analysis 

svocs 

PCBs 

Explosixes 

Inorganics 

Sampling - Travel&W Diem 

Miscellaneous Expenses 

Off Site Disposal (Non-Hazardous) Ton 

Transportation (Non-Hazardous) Load 

Off-Site Disposal (Hazardous) Ton 

Transportation (Hazardous) 

lff Site Disposal (Non-Hazardous) - Subtotal 

off Site Disposal (Hazardous) - Subtotal 

KR 20 MO $800 Engr Est 

Sample 6 wo $2,640 

Sample 6 $200 $1,200 

Sample 6 $190 $1,140 

S.Sllple 6 $200 $1,200 

LS 1 $900 $900 

Baker Average BOAS 

Baker Average BOA 

Baker Average BOA 

Engr. Est. 

Event $200 $200 Engineering Estimate 

$45 $2,610 Engr Est ; vendor quote 

$330 $990 Engr Est.; vendor quote 

$98 $5,684 

$7,950 

Engr Est., vendor quote 

Load $2,650 

J 

TABLE E.2-5 (continued) 

SITE 8 COST ESTIMATE: RAA 6 - OFF-SITE LANDFILL DISPOSAL 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

$21,815 

> 

I geo./eng. sampler j@ $4O,hr , 2 days, IO hrs/day 

5 samples;lOO?,~ cost increase for quick turn analysis 

5 samples;lOO?/o cost increase for quick turn analysis 

5 samples; 100% cost increase for quick turn analysis 

6 samples,lOO?‘o cost increase for quick turn analysis 

Airfare, per diem rental car for 2 days for 1 person 

Includes Hnu rental, H&S equipment, sampling & decon expendables, ice & 
DI water 

Includes disposal costs; assumes 1 2 bulking factor of in place cubic yards; 
assumes non-hazardous; assumes I20 pcf 

22 tomiload 

Includesdisposal costs; assumes 1.2 bulking factor of in place cubic yards, 
assumes hazardous; assumes 120 pcf 

22 towload 



TABLE E.2-5 (continued) 

SITE 8 COST ESTIMATE: J3AA 6 _ OFF-SITE LANDFILL DISPOSAL 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Assume 6% of Total Direct Capital Costs 

Assume 15% of Total Direct Capital Costs 

Engineering and Design 

15% of Total Direct Capital Costs 
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TABLE E.2-6 
SITE 8 COST ESTIMATE: RAA 7 - CAPPING AND DRAINAGE DIVERSION 

NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost Component 

HRECT CAPITAL COSTS 

;eneral 

Pre-construction Submittals 

MobilizationiDemobilization 

~Decontamination Pad 

Contract Administration 

Post-Constntction Submittals 

unit 

LS 

LS 

LS 

LS 

LS 

Subtotal 
Quantity Unit Cost cost Total Cost SOtWe Basis!Comments 

1 $20,000 $20,000 Engr. Est. IYork, E&S, H&S, & QC Plans; Permits; Shop Drawings 

1 $20,000 $20,000 Engr. Est. Includes mob.‘demob for excavation equipment 

1 $10,000 $10,000 Engr. Est. Includes deconJlaydo!+n area 

I $40,000 $40,000 Engr. Est Invoicing, project management, field supervision, H&S, etc. 

I $10,000 $10,000 Engr. Est. Record drawings, etc. 

Clearing and Grubbing 

Temporary Safety Fencing 

Temporaty Silt Fencing 

Engr. Est.; hleans Site Work 1998,021-104-0150 

Engr Est.; hieans Site Work, 1998,02X-320-5000 

Engr. Est., hleans Site\\‘ork 1998,022-704-1000 

For wooded areas at Site 8; add lOOo,‘o for small area 

Assumes safety fencing by access road 

Assumes silt fencing downgradient of disturbed and excavated areas 

Backtill 

Topsoil 

Fine Grading/Seeding (Revegetation) 

oil Cover Installation - Subtotal 

tiainage Diverion 

Excavation for Existing Pipe Removal 

Excavation for New Pipe 

Pipe Removal 

Backftll 

Concrete Headwall Removal 

Disposal of Pipe and Concrete 

New Pipe 

Pipe Bedding 

Install Nem Headwall 

Manholes 

hainage Diversion - Subtotal 

CY 

SY 

LF 

LF 

LF 

CY 

SF 

LS 

LF 

LF 

LS 

EA 

Backfill for soil cover (I 8”) & existing drainage area from on-site borrow pi 

Engr. Est., hieans Site Work, 1998, A12.1-724-1400 (no mat1 costs), add 100% small volume 

6” of top sorl for soil cover/disturbed areas; incl mat?, hauling from stockpilt 

55 $34.08 $1,874 Engr Est.; hleans Site Work 1998,022-216-7000 & compacting; add 100% small volume 

Revegetate disturbed areas @cl soil cover, clearedigrubbed areas, and pipe 

320 $4.38 $1,402 Engr. Est.; hfeans Site Work, 199X,022-286-1000 excavation areas) ; add 100% for small area 

$4,127 

40 $10.16 $406 Engr Est., hfeans Site Work, 1998, A12.3-110-1430 Assume 6’ deep, 4 tvide trench excavation 

80 $10.16 $813 Engr. Est.; hieans Site Work, 1998, A12.3-110-1430 Assume 6’ deep, 4’ wide trench excavation 

40 $6.29 $252 Engr. Est ; hleans Site Work, 1998,020-554-2960 Assume ?’ diameter pipe 

Backfill of former pope trench and new pope trench; add 100% for small 

35 $7.98 $279 Engr. Est.; hieans Site Work, 1998, A12.l-724-1000 volume 

30 $10.14 $304 Engr. Est.; hleans Site Work, 1998,020-754-2500 Assume 12” thick concrete headwall 

I $500 $500 Engr. Est. Assume Subtitle D landfill 

80 $23.74 $1,899 Engr Est., Means Site Work, 1998,027-162-1080 Assume 2’ diameter concrete pipe 

80 $5.23 $418 Engr. Est.; hIeans Site Work, 1998, A12.3-310-1640 Assumes ?’ diameter pipe in a 4’ wide trench 

1 $1,810 $1,810 Engr. Est.; hIeans Site Work, 1998, A12.3-750-2000 Assume cast-in-place concrete, 3’ wingwalls 

2 $1,020 $2,040 Engr. Est., Means Site Work, 027-152-1900 Assume 6’ deep, 4 wide manholes + 2’ diameter frams and covers 

$8,722 



TABLE E.2-6 (continued) 

SITE 8 COST ESTIMATE: RAA 7 - CAPPING AND DRAINAGE DIVERSION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINJA 

DIRECT CAPITAL COSTS - TOTAL 

INDIRECT CAPITAL COSTS 

Engineering and Design 

Contingency Allo\vance 

INDIRECT CAPITAL. COSTS - TOTAL 

LS 

LS 

$113,134 

I $6,824 $6,824 Engr Est Assume 6% of Total Direct Capital Costs 

1 $17,060 $17,060 Engr. Est. Awme 15% of Total Direct Capital Costs 

$23,884 

Asum 1 O?:o of cap requires repair per year 

TOTAL NET PRESENT WORTH: RAA 7 $160.000 IBv ELB chk: IDate Completed: October , 1998 





TABLE E.3-1 

SSA 14 COST ESTIMATE: RAA 2 - NO ACTION WITH MONITORING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost Component Unit Quantity Unit Cost Subtotal Cost Total Cost Source Basis!Comments 

1IRECT CAPITAL COSTS 

end 

Pre-conaruction Submittals LS 1 $10,000 $10,000 Engr. Est. Work, E&S, & QC Plans 

hlobilization/!hnobilization LS 1 $3,000 $3,000 Engr. Est. Drillers, Samplers 

Contract Administration LS 1 $10,000 $10,000 Engr. Est. Invoicing, project management, field supervision, H&S, etc. 

Post-Construction Submittals LS 1 $5,000 $5,000 Engr. Est. Record drawings, etc. 

eneral - Subtotal $28,000 

u&x Soil, Surface Water, Sediment Monitoring 

Semi-annual sampling, 1.5 day:event; 1 geo./eng sampler @ Wihr, 2 

Sampling - Labor Hrs. 30 $40.00 $1,200 Engr. Est. events/y, 10 hrs’day 

Sampling - Travelhr Diem Event 2 $900 $1,800 Engr. Est. Airfare, per diem, rental car for 2 days for 1 person 

SoitKiediment Sampling-Analysis 

Explosives Sample 6 $95 $570 Baker Average BOAS 3 samples at SSA 14,2 events& 

Inorganics Sample 6 $100 $600 Baker Average BOAS 3 samples at SSA 14, 2 event+r 

Surface Water Sampling - Analysis 

Explosives Sample 8 $95 $760 Baker Axwage BOAS 4 samples at SSA 14; 2 events:y 

Inorganics Sample 8 $100 $800 Baker Average BOAS 4 samples at SSA 14, 2 event.‘>? 

Includes Hnu rental, H&S equipment, sampling & decon expendables, ice 

Niscellaneou Expenses Event 2 $200 $400 Engineering Estimate & DI water 

Reporting LS 2 $5,000 $10,000 Engr. Est. Letter report 

urface Soil, Surface Water, Sediment Monitoring. Subtotal $16,130 
I , 

Contingency Allovance Assume 15% of Total Direct Capital Costs 
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TABLE E.3-1 (continued) 

SSA 14 COST ESTIMATE: RAA 2 - NO ACTION WITH MONITORING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

NNUAL OPERATION AND MAINTENANCE COSTS 

tuface Soil, Surface Water, Sediment hIonitoring 

Semi-annual sampling; 1.5 day/event; 1 geo.ieng sampler 28 $4Oihr; 2 

Sampling - Labor Hrs. 30 $40.00 $1,200 Engr. Est eventdyr, 10 brsiday 

Sampling - TravellPer Diem Event 2 $900 $1,800 Engr. Est Airfare, per diem, rental car for 2 days for 1 person 

Soil/Sediment Sampling-Analysis 

Explosives Sample 6 $95 $570 Baker Average BOAS 3 samples at SSA 14; 2 events!yr 

Inorgmics Sample 6 $100 $600 Baker Average BOAS 3 samples at SSA 14,2 event& 

Surface Water Sampling-Analysis 

Explosives Sample 8 $95 $760 Baker Average BOAs 4 samples at SSA 1 j; 2 events/y 

ItlOfgticS Baker Average BOAs 4 samples at SSA 14; 2 wents/qr 

Includes Hnu rental, H&S equipment, sampling & dean expendables, ice 

Miscellaneous Expenses Engineering Estimate 



TABLE E.3-2 

SSA 14 COST ESTIMATE: RAA 3 - SOIL WASHING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

ieneral 

Pre-construction Submittals 

Treatabiliy Study 

IvfobilizationIDemobilization 

Decontamination Pad 

Stockpile Area 

Contract Administration 

Post-Constzuction Submittals 

Ieneral - Subtotal 

ite Work 

Clearing and Grubbing 

Temporay Safety Fencing 

Temporary Silt Fencing 

Site Restoration: 

Backfill 

Topsoil 

Fine Grading’Seeding (Revegetation) 

ite Work - Subtotal 

LS 

Acre 

LF 

LF 

CY 

CY 

ST 

$10,000 

$1,300 

$3.32 

$0.82 

$5.60 

$1704 

$2.19 

$10,000 

$130 

$830 

$164 

$196 

$596 

$1,172 

Work, E&S, H&S, & QC Plans; Permits; Shop Drawings 

Engr. Est.; vendor quote Includes mobe/demobe forsoil washing subcontractor 

Includes deconllaydown area 

Stockpile area for treated soil 

Invoicing, project management, field supewision, H&S, etc. 

Engr. Est Record drawvings, etc. 

$185,000 

Engr Est ; Means Site Work, 199X,021-104-0150 For wooded areas at SSA 14 

Engr. Est , Means Site Work, 1998,028-320-5000 Assumes safety fencing around excavated areas 

Engr Est , hieans Site Work, 1998,02?-7061000 Assumes silt fencing downgradient of excavated areas 

Engr. Est , Means Site Work, 1998, A12.1-724-1400 Assumes 6” backtill 

Assumes 6” oftop soil; cost includes mat’l, hauling from stockpile & 

Engr. Est.; hleans Site Work, 1998,022-216-7000 compacting 

Engr. Est ; Means Site Work, 199X,02?-2X6-1000 Revegetation over disturbed area 

$3,088 





Cost Component 

~IRECTC.APITiLCOSTS 

eneral 

Pm-construction Submittals 

Treatability Study 

MobilimtionJDemobilization 

Decontamination Pad 

Stockpile Area 

Contract Administration 

Post-Construction Submittals 

eneral - Subtotal 

ite Work 

Clearing and Grubbing 

Temporary Safety Fencmg 

Temporary Silt Fencing 

Site Restoration 

Backfill 

Topsoil 

Fine Grading~Seeding (Revegetation) 

ite Work - Subtotal 

unit 

LS 

LS 

LS 

LS 

LS 

LS 

LS 

Acre 

LF 

LF 

C-Y 

CY 

SY 

TABLE E.3-3 

SSA 14 COST ESTIMATE: RAA 4 - ON-SITE BIOLOGICAL TREATMENT 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Quanti~ Unit Cost Subtotal Cost Total Cost SOUPX Basis/Comments 

1 $20,000 $20,000 Engr Est. Work E&S, H&S, & QC Plans, Permits; Shop Drawings 

1 $20,000 $20,000 Engr Estimate; vendor quote Biological treatment bench-scale study 

1 $50,000 $50,000 Engr Est Includes mob/demob for all subcontractors 

1 $10,000 $10,000 Engr. Est Includes deconilaydown area 

1 $10,000 $10,000 Engr. Est Stockpile area for treated soil 

1 $40,000 $40,000 Engr. Est Invoicing, project management, field supetxision, H&S, etc. 

I $10,000 $10,000 Engr. Est. Record drawings, etc. 

$160,000 

0.70 $2,600 $1,820 Engr Est.; hfeans Site Work, 1998,021-1040150 For wooded areas at SSA 14; add 100% for small area 

250 $3.32 $830 Engt. Est., hieans Site Work, 1998, 028-320-5000 Assumes safety fencing around excaxated areas 

200 $0.82 $164 Engr. Est : Means Site Work, 1998,022-704-l 000 Assumes silt fencing dowtgradient of excavated areas 

35 $11.20 $392 Engr Est ; A12.1-7241400 Assumes 6” backfill; add 1009i. for small area 

Assumes 6” of top soil; cost includes mat’l, hauling from stockpile & 

35 $34.08 $1,193 Engr. Est ; hfeans Site Work, 1998,022.216-7000 compacting; add lOO?io for small area 

535 $4.38 $2,343 Engr. Est.; hfeans Site Work, 1998,022-2X6-1000 Revegetation over disturbed area, add 100% for small area 

$6,742 



TABLE E.3-3 (continued) 

SSA 14 COST ESTIMATE: RAA 4 - ON-SITE BIOLOGICAL TREATMENT 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

)n-Site Biological Treatment 

Excavation of Contaminated Soil 

Confirmatory Sampling-Labor 

Confimntory Sampling - Analysis 

Explosives 

lnorganics 

Sampling _ TraveIiPer Diem 

Transpott to Bioslwry Area 

Biological Treatment Operation 

Transport to Landfanning Area 

Landfarming Operation 

Treatment Process Sampling-Analysis 

CY 70 

HR I5 

Sample 14 

Sample 14 

LS 1 

CY 85 

CY 100 

CY 8S 

CY 100 

$1.68 

$40 

$190 

$200 

$900 

$9.68 

$100 

$9.68 

$50 

$118 

$600 

$2,660 

$2,800 

$900 

$823 

$ I0,000 

$823 

$5,000 

Engr. Est.; Means Site Work, 1998, 022-238-0260 

Engr. Est. 

Baker Average BOAS 

Baker Average BOAS 

Engr Est. 

Engr. Est.; h,Ieans Site Work, 1998,022-266-05000 

Engr. Est ; vendor quote 

Engr. Est.; hIeans Site Work, 1998,022-266-05000 

Engr Est 

Awmes 1’ deep excavation. 

1 gee k.ng sampler :g $4O>ti, 1.5 days, 10 brsiday 

Assumes at bottom and walls of excavation 

14 samples; add 100% to cost for quick turn analysis 

14 samples; add 1000,’ to cost for quick turn analysis 

Ahfare, per diem rental car for 2 days for 1 person 

Assumes 12 CY dump trailer, 4 mile round trip to existing biocell; 
assumes 1 2 bulking factor of 70 in place cubicy&, add 100% for small 
volume 

Operation of the existing biocell. Includes additives and labor. Assumes 
20% increase in volume due to additives. 

Assumes 12 CT dump trailer, 4 mile round trip Gem Site 22 biocell to 
landfarming area at Site 24; add 100% for small volume 

Explosives 

Inorganics 

hliscellaneou Expenses 

Repolting 

h-Site Biological Treatment - Subtotal 

Sample 12 

Sample 12 

Event I 

LS 1 

$95 

$100 

$200 

$5,000 

$1,140 

$1,200 

$200 

$5,000 

Baker Average BOAS Assume 6 samples from biocell and 6 samples from landfarm 

Baker Average BOAS Assume 6 samples from biocell and 6 samples from landfarm 

Includes Hnu rental, H&S equipment, sampling & decon expendables, ice 

Engr Est & DI water 

Engr. Est. Letter report 

$31,263 

Engineering and Design 

Contingency Allowance 

Assume 6% of Total Direct Capital Costs 

Assume 15% of Total Direct Capital Costs 

‘OTAL. NET PRESENT WORTH: RAA 4 S240,OOO IBy. ELB ,LJate Completea: “ctooer , IYYS 



TABLE E.3-4 

SSA 14 COST ESTIMATE: BAA 5 - INCINERATION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

;enera1 

Pre-construction Submittals \\‘ork, E&S, H&S, & QC Plans; Permits; Shop Drawings 

Mobilization/Demobilization Includes mob!demob for excavation equipment 

Decontamination Pad Includes decotvlaydovin area 

Contract Administration Invoici& project management, field supewision, H&S, etc 

Post-Construction Submittals Record drawings, etc. 

Site Work 

Clearing and Grubbing ACre 0.1 $2,600 $260 Eng Est ; Means Site Work, 1998,021-104-0150 For wooded areas at SSA 14, add 10006 small area 

Temporay Safety Fencing LF 250 $3.32 $830 Engr Est , Means Site Work, 1998,028-320-5000 Assumes safety fencing around excavated areas 

Temporary Silt Fencing LF 200 $0.82 $164 Eugr Est.; hleans Site Work, 1998,022-704-1000 Assumes silt fencing downgradient of excavated areas 

Site Restoration 

Backfill CY 35 $11.20 $392 Engr Est., hfeans Site Work, 1998, A12.1-724-1400 Assumes 6” b&till; add 100% small area 

Assumes 6” of top soil; cost includes mat?, hauhng from stockpile & 

Topsoil CY 35 $34.08 $1,193 Engr Est , Means Site Work, 1998,022-216-7000 compacting; add 100% for small area 

Fine Grading/Seeding (Revegetatmn) SY 535 $4.38 $2,343 Engr Est , Means Site Work, 1998,022-286-1000 Revegetation over disturbed area; add 100% for small area 

site Work - Subtotal $5,182 



TABLE E.3-4 (continued) 

SSA 14 COST ESTIMATE: RAA 5 - INCINERATION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

ineration (Assuming Hazardous) 

Excavation of Contaminated Soil CY 70 $3.36 $235 Engr. Est.; Means Site Work, 1998,022-238-0260 Assumes I’ deep excavation; add 100% for small area 

Confirmatory Sampling - Labor HR 15 $40 $600 Engr Est. 1 geo./eng. sampler I@ $4O,hr; 1 5 days, 10 hrs/day 

Conhnatory Sampling _ Analysis Assumes at bottom and walls of excavation 

.Explosives Sample 14 $190 $2,660 Baker Awage BOAS 14 samples; add 100% for quick turn 

horganics Sample I4 $200 $2,800 Baker Axwage BOAS 14 samples; add 100% for quick turn 

Sampling - Travel/Per Diem LS 1 $900 $900 Engr. Est. Airfare, per diem, rental car for 2 days for 1 person 

Includes Hnu rental, H&S equipment, sampling & decon expendables, ice & 
Miscellaneous Expenses Event I $200 $200 Engineering Estimate DI water 

Loadii of Soil CY 85 $6.39 $543 Engr. Est.; Means Site Work 1998,022-2164000 Assumes 1.2 bulking factor of in place cubic yards 

Incineration Fees Engr. Est.; vendor quote Includes disposal costs; assumes 120 pcf 

Transportation Engr Est.; vendor quote 

Engineering and Design Assume 6% of Total Direct Capital Costs 

Contingency Allownce Assume 15% of Total Direct Capital Costs 



TABLE E.3-5 

SSA 14 COST ESTIMATE: RAA 6 - OFF-SITE LANDFILL DISPOSAL 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost Component Unit Quant@ Unit Cost Subtotal Cost Total Cost SOWR BasisXomments 

IJRECT CAPITAL COSTS 

kenera 

Pre-construction Submittals LS 1 $20,000 $20,000 Engr Est. Work, E&S, H&S, & QC Plans; Permits; Shop Drawings 

hlobilizationrDemobilization LS 1 $20,000 $20,000 Engr. Est. Includes mobidemob for excavation equipment 

Decontamination Pad LS 1 $10,000 $10,000 Engr. Est. Includes decon’laydown area 

Contract Administration LS 1 $40,000 $40,000 Engr. Est. Invoicing project management, field supervision, H&S, etc. 

Post-Construction Submittals LS 1 $10,000 $10,000 Engr. Est Record drawings, etc. 

ieneral- Subtotal $100,000 

ite Work 

Clearing and Gtubbing Acre 0.1 $2,600 $260 Eng. Est ; hieans Site Work, 1998,021-l 04-0150 For wooded areas at SSA 14; add 100% for small area 

Temporary Safety Fencing LF 250 $3.32 $830 Engr Est.; hleans Site Work, 1998,028-320-5000 Assumes safety fencing around excavated areas 

Temporary Silt Fencing LF 200 $0.82 $164 Engr. Est., hleans Site Work 1998,022-704-1000 Assumes silt fencing dox+ngradient of excavated areas 

Site Restoration 

B%&fill CT 35 $11.20 $392 Eng. Est.; hIeans Site Work, 1998, Al?. l-724-1400 Asmmes 6” backfill; add 10096 for small area 

Assumes 6” of top soil; cost includes mat’l, hauling from stockpile & 

Topsoil CY 35 $34.08 $1,193 Engr Est.; hieam Site Work, 1998,022-216-7000 compacting; add loo?,< for small area 

Fine Grading&eeding (Revegetation) SY 535 $438 $2,343 Engr. Est.; Means Site Work, 1998,022-286-1000 Revegetation oxw disturbed area; add lOO?;k for small area 

ite Work - Subtotal $5,182 



TABLE E.3-5 (continued) 

SSA 14 COST ESTIMATE: RAA 6 - OFF-SITE LANDFILL DISPOSAL 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

rff Site Disposal 

Soil Excavation CY 70 $2 $140 Engr. Est.; hleans Site IYork, 1998,022-2422000 Assuming 1 foot deep excavation 

Confirmatory Sampling-Labor HR 15 $40 $600 Engr Est 1 geo.ieng. sampler a@ $4O%r; 1.5 days, 10 hrs!day 

Contirmato~ Sampling - Analysis Assumes at bottom and walls of excavation 

Explosives Sample 14 $190 $2,660 Baker Average BOAS 14 samples; add 100% cost for quick turn analysis 

Inorgmics Sample 14 $200 $2,800 Baker Average BOAS 14 samples; add 1000’0 cost for quick turn analysis 

Sampling - Traveliper Diem LS 1 $900 $900 Engr. Est. Airfare, per diem, rental car for 2 days for 1 person 

Includes Hnu rental, HLS equipment, sampling & decon expendable?., ice & 
h~Iiscellaneous Expenses Event 1 $200 $200 Engineering Estimate DI water 

Includes transportation, disposal costs; assumes 1.2 bulking factor of in place 
Off Site Disposal (Non-Hazardous) Engr Est.; vendor quote cubic yards, assumes non-hazardous; assumes 120 pcf 

Transportation (Non-Hazardous) Engr. Est.; vendor quote 

Includes transportation, disposal costs; assumes 1.2 bulking factor of in place 
Off Site Disposal (Hazardous) Engr Est.; vendor quote cubic yards, assumes hazardous; assumes 120 pcf 

Engr Est ; vendor quote 



B 

TABLE E.3-5 (continued) 

SSA 14 COST ESTIMATE: BAA G - OFF-SITE LANDFILL DISPOSAL 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Contingency Allowance 

Assume 6% of Total Direct Capital Costs 

Assume 150/o of Total Direct Capital Costs 

Assume 6% of Total Direct Capital Costs 

contingency Allowance Assume 1% of Total Direct Capital Costs 



TABLE E.3-6 

SSA 14 COST ESTIMATE: BAA 7 - CAPPING AND DRAINAGE DIVERSION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

end 
Pre-constrwtion Submittals Work, E&S, H&S, & QC Plans; Permits; Shop Drawings 

Includes mob/demob for excavation equipment 

Decontamination Pad Includes decow’laydown area 

Contract Administration Invoicing, project management, field supewision, H&S, etc. 

Post-Construction Submittals Record drawings, etc. 

Clearmg and Gabbing Engr Est.; hleans Site Work, 1998,021-104-0150 For wooded areas at SSA 14, add 100% for small area 

Temporary &fey Fencing Engr. Est.; Aleans Site Work, 1X%,028-320-5000 Assumes safety fencing around all excavation ares 

Temporaw Silt Fencing Engr. Est.; hleans Site Work, 1998,022-7041000 Assume silt fencing doltngradient of all excavation areas 

B&fill Engr. Est.; Means Site Work, 1998, Al2 l-7241400 Assumes 18” of backtill from on-site bormlv pit (no material costs) 

Assumes 6” of top soil over all disturbed areas; cost includes mat’l, hauling 

Topsoil Engr. Est.; Means Site Work, 1998,022-216-7000 from stockpile & compacting 

Revegetation over disturbed areas (sol1 cover and all cleared and grubbed 

Fine Grading/Seeding (Rewgetation) ST 875 $2.19 $1,916 Engr. Est.; Means Site Work, 1998,022-286-1000 areas) 

oil Cover Installation - Subtotal $5,619 

drainage Diverion 

Excavation of New Drainage Way LF 150 $4.65 $698 Engr. Est.; Means Site Work, 1998, Al2 3-l lo-6600 Assume 2 to 1 slope; 2’ side, 2’ deep, 3.‘8 CY bucket 

Erosion Control (Jute Matting) SY 200 $1.06 $212 Engt Est.; hfeans Site Work, 1998,022-704-0010 Assume 12’ wide, 150 LF 

Pipe Removal LF 20 $4.31 $86 Engr Est.; Means Site Work, 1998,020-5542900 Assume 20 LF, 12” diameter pipe 

Disposal of Pipe LS 1 $375 $375 Engr. Est.; vendor quote 1 truckload, 1 ton, Subtitle D landfill 

rain& Diversion - Subtotal $1,371 



TABLE E.3-6 (continued) 

DIRECT CAPITAL COSTS -TOTAL 

INDIRECT CAPITAL COSTS 

Engineering and Design LS 

Contingency Allowance LS 

INDIRECT CAPITAL COSTS -TOTAL 

CAPITAL COSTS (DIRECT AND INDIRECT) 

ANNUAL OPERATION AND MAINTENANCE COSTS 

SSA 14 COST ESTIMATE: BAA 7 - CAPPING AND DRAINAGE DIVERSION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

$108,036 

1 $6,482 $6,482 Engr. Est. Assume 6% of Total Direct Capital Costs 

1 $16,205 $16,205 Engr. Est. Assume 15% of Total Direct Capital Costs 

$22,688 

$130,723 

I 

Long-Term Maintenance 
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